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AMIDINO COMPOUINDS AS CYSTEINE PROTEASE INHIBITORS 

Field of the Invention 

The present invention is directed to compounds that are inhibitors of cysteine proteases, 
5 in particular, cathepsins B, K, L, F, and S and are therefore useful in treating diseases mediated 
by these proteases. The present invention is directed to pharmaceutical compositions 
comprising these compounds and processes for preparing them. 

State of the Art 

1 0 Cysteine proteases represent a class of peptidases characterized by the presence of a 

cysteine residue in the catalytic site of the enzyme. Cysteine proteases are associated with the 
normal degradation and processing of proteins. The aberrant activity of cysteine proteases, e.g., 
as a result of increased expression or enhanced activation, however, may have pathological 
consequences. Iq this regard, certain cysteine proteases are associated with a number of disease 

IS states, including arthritis, muscular dystrophy, inflammation, tumor invasion, 

glomerulonephritis, malaria, periodontal disease, metachromatic leukodystrophy and others. For 
example, increased cathepsin B levels and redistribution of the enzyme are foimd in tumors; 
thus, suggesting a role for the enzyme in tumor invasion and metastasis. In addition, aberrant 
cathepsin B activity is implicated in such disease states as rheumatoid arthritis, osteoarthritis, 

20 Pneumocystis carinii, acute pancreatitis, inflammatory airway disease and bone and joint 
disorders. 

The prominent expression of cathepsin K in osteoclasts and osteoclast-related 
multinucleated cells and its high collagenolytic activity suggest that the enzyme is involved in 
ososteoclast-mediated bone resorption and, hence, in bone abnormalities such as occurs in 
25 osteoporosis. In addition, cathepsin K expression in the Ixmg and its elastinolytic activity 
suggest that the enzyme plays a role in pulmonary disorders as well. 

Cathepsin L is implicated in normal lysosomal proteolysis as well as several disease 
states, including, but not limited to, metastasis of melanomas. Cathepsin S is implicated in 
Alzheimer's disease and certain autoimmune disorders, including, but not limited to juvenile 
30 onset diabetes, multiple sclerosis, pemphigus vulgaris, Graves' disease, myasthenia gravis, 
systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto's thyroiditis. In addition, 
cathepsin S is implicated in: allergic disorders, including, but not limited to asthma; and 
allogeneic immune reponses, including, but not limited to, rejection of organ transplants or 
tissue grafts. 
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Another cysteine protease, Cathepsin F, has been found in macrophages and is involved 
in antigen processing. It is believed that CaAepsin F in stimulated lung macrophages and 
possibly other antigen presenting cells could play a role in ahway inflammation (see G. P. Shi et 
al, J. Exp. Med. 191,1 177, 2000) 

In view of the number of diseases wherein it is recognized that an increase in cysteine 
protease activity contributes to the pathology and/or symptomatology of the disease, molecules 
which inhibit the activity of this class of enzymes, in particular molecules which inhibitor 
cathepsins B, K, L, F, and/or S, will therefore be useful as therapeutic agents. 



10 SUMMARY OF THE INVENTION 

In one aspect, this invention is directed to a compound of Formula ^la) or (lb): 




<la) (lb) 



wherein: 
IS E is: 

(i) -C(R^(R«)X» where is -CHO, -C(R')(R'')CF3, -C(R')(R«)CF2CF2R', 
^(R')(R V. -CH=CHS(0)2R«', -C(R')(R'')C(R')(R«)0R". -C(R')(R«)CH20R»''. 
-CCR')(R'»)C(R^)(R»)R«», -C(R'XR')CH2N(R»)S02R'<'. -CCR')(R'')CF2C(0)NR>°R", 
-C(R')(R'')C(0)NRi'>R", -C(R')CR')C(0)N(R")(CH2)20R", or 

20 -C(R')(R'')C(0)N(R")(CH2)2NR'°R"; 

(ii) -C(R*')(R^)CN; 

where: 

R' and R*" are independently hydrogen or sJkyl; and 

R* and R**' are independently selected fix)m the group consisting of hydrogen, alkyi, 
25 haloalkyl, carboxyalkyl, alkoxycarbonylalkyl, cycloaJkyl, cycloallQflallcyl, aryl, aralkyl, 

heteroaiyl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, cyano, -alkylene-X-R'^ (where X is - 
0-, -NR"-. -CONR"-, -S(0)„,-. -NHCO-, -CO-, or -C(0)0- where nl is 0-2, and R" and R" 
are independently hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, 
heteroaiyl, or heteroaralkyl) wherein the aromatic or alicyclic ring in R* and R*'" is optionally 
30 substituted with one, two, or three R' independently selected fix>m alkyl, haloalkyl, alkojQr, 
hydroxy, haloalkoxy, halo, carboxy, alkoxycarbonyl, amino, monsubstituted amino. 
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disubstituted amino, nitro, aryloxy, benzyloxy, acyl, or arylsulfonyl where the aromatic or 
alicyclic ring in is optionally substituted with one or two substituents independently selected 
from alkyl, halo, alkoxy, haloalkyl, haloalkoxy, hydroxy, amino, alkylamino, dialkylamino, 
carboxy, or alkoxycarbonyl; or 
5 and R^ and R^* and R^ taken together with the carbon atom to which both R^ and R^ 

and R^* and R^* are attached form (i) cycloalkylene optionally substituted with one or two R^ 
independently selected from alkyl, halo, alkylamino, dialkylamino, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroaralkyl, alkoxycarbonyl, or aryloxycarbonyl, or (ii) 
heterocycloalkylene optionally substituted with one to four R*^ which are independently selected 
10 from alkyl, haloalkyl, hydroxy, hydroxyalkyl, alkoxyalkyl, alkoxyalkyloxyalkyl, aryloxyalkyl, 
heteroaryloxyalkyl, aminoalkyl, acyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl, 
. heterocyclylalkyl, cycloalkyl, cycloalkylalkyl, -S(0)n2R^'^, -alkylene-S(0)n2-R^^ -COOR^^, - 
alkylene-COOR^^ -CONHR^^R^^ or -alkylene-CONHR^ (where n2 is 0-2 and R^^-R^^ R^* 
and R^^ are independently hydrogen, alkyl, haloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, 
1 5 cycloalkyl, cycloalkylalkyl, or heterocyclyl and R^^ and R^^ are independently hydrogen or 
alkyl) wherein the aromatic or alicyclic ring in the groups attached to cycloalkylene or 
heterocycloalkylene is optionally substituted with one, two, or three substituents independently 
selected from alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, carboxy, alkoxycarbonyl, 
amino, monsubstituted amino, disubstituted amino, or acyl; 
20 R^ is hydrogen or alkyl; 

R^ is hydroxy; or 
R^ and R^ together form oxo; 
R^ is hydrogen, halo, alkyl, aralkyl or heteroaralkyl; 

R^° is alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, cycloalkylalkyl, 
25 heterocyclyl, or heterocyclylalkyl wherein the aromatic or alicyclic ring in R^° is optionally 
substituted with one, two, or tfiree R'* independently selected from alkyl, haloalkyl, alkoxy, 
cycloalkyl, hydroxy, haloalkoxy, halo, carboxy, alkoxycarbonyl, aryl, heteroaryl, amino, 
monsubstituted amino, disubstituted amino, or acyl wherein the aromatic or alicyclic ring in R^ 
is optionally substituted with one, two, or three substitutents independently selected fix)m alkyl, 
30 haloalkyl, alkoxy, haloalkoxy, halo, hydroxy, carboxy, alkoxycarbonyl, amino, alkylamino, or 
diall^lamino; and 

R^^ is hydrogen or alkyl; or • 
(iii) a group of formula (a): 
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X* 




(a) 

where: 

n is 0, 1, or 2; 

5 X* is selected from -NR^-, -S-, or -O- where is hydrogen, alkyl, or alkoxy; and 

is -0-, -S-, -SO2-, or -NR^- where R^' is selected from hydrogen, alkyl, haloalkyl, 
hydroxyalkyl, alkoxyalkyl, aryloxyalkyl, heteroaiyloxyalkyi, aminoalkyl, acyl, aryl, aralkyl, 
heteroaryl, heteromalkyl, cycloalkyi, cycloalkylalkyl, -S(0)2R^^, -alkylene-S(0)n3-R^^ - 
COOR^^ -alkylene-COOR^^ -CONR^**R2^ or -alkylene-CONR^^'^ (where n3 is 0-2 and R^*- 
10 R^^ R^' and R^° are mdependently hydrogen, alkyl, haloalkyl, aryl, aralkyl, heteroaryl, 

heteroaralkyl, cycloalkyi, cycloalkylalkyl, heterocyclyl, or heterocyclylalkyl and R^^ and R^' are 
independently hydrogen or alkyl) where the aromatic or alicyclic ring in is optionally 
substituted with one, two, or three substituents mdependently selected from alkyl, haloalkyl, 
alkoxy, haloalkoxy, halo, hydroxy, amino, alkylamino, dialkylamino, carboxy, or 
IS alkoxycarbonyl; 

R^ is as defined above; 
R^ is hydrogen or alkyl; 

R^* is hydrogen, alkyl, haloalkyl, cycloalkyi, cycloalkylalkyl, aryl, aralkyl, heteroaryl, 
heteroaralkyl, heterocyclylalkyl, or -alkylene-X^-R^^ [wherein X^ is -NR^\ -0-, -S(0)n4-, -CO- 

20 , -COO-, -OCO-, -NR'^CO-, -CONR^^ -NR^^SOj-, -SQzNR^'-, -NR^^COO-, -OCONR^S - 
NR^^CONR^, or -NR^^SOsNR^"^- (where R^^ and R^* are independently hydrogen, alkyl, or acyl 
and n4 is 0-2) and R^^ is hydrogen, alkyl, haloalkyl, cycloalkyi, cycloalkylalkyl, heterocyclyl, 
aryl, aralkyl, heteroaryl, heteroaralkyl, or heterocyclylallqrl] wherem said aUcylene chain in - 
alkylene-X^-R^^ is optionally substituted with one to six halo and wherein the aromatic or 

25 alicyclic ring in R^* is optionally substituted with one, two, or three R*" independently selected 
from alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, nitro, cyano, carboxy, alkoxycarbonyl, 
aryl, heteroaryl, cycloallq^l, cycloalkylallqrl, aralkyl, heteroaralkyl, amino, monsubstituted 
amino, disubstituted amino, or acyl; or 

R^ and R^^ together with the carbon atoms to which they are attached form cycloalkylene 

30 or heterocycloalkylene ring wherein said cycloalkylene or heterocycloalkylene is optionally 
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substituted with one or two independently selected from alkyl, halo, hydroxyalkyl, keto, or - 
S02R^^ where R^^ is alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl or heteroarallq^l 
where the aromatic or alicylic ring in R*^ is optionally substituted with one, two, or three 
substitutents independently selected from alkyl, alkoxy, haloalkyl, haloalkoxy, hydroxy, halo, 
5 carboxy, or alkoxycarbonyl; 

R^ is hydrogen or alkyl; 

R^ is hydrogen, alkyl, haloalkyl, cyCloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, 
heterocyclyl, heterocyclylalkyl, amino, mono or disubstituted amino, or -alkylene-X^-R^^ 
[wherein X is ^NR^^-, -O-, "S(0)n5-, -CO-, -COO-, -OCO-, -NR^^CO-, -CONR^^-, -NR^^SOs-, - 

10 SOsNR^^., -NR^^COO-, -OCONR^^-, -NR^^CONR^^ or -NR^^SOzNR^^- (where R^^ and R^^ 
are independently hydrogen, alkyl, or acyl and n5 is 0-2) and R^^ is hydrogen, alkyl, haloalkyl, 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaryl, or heteroaralkyl] wherein the aromatic or 
alicyclic rings in R^ are optionally substituted by one, two, or three R^ independently selected 
from alkyl, halo, hydroxy, alkoxy, haloalkyl, haloalkoxy, oxo, cyano, nitro, acyl, acyloxy, aryl, 

15 heteroaryl, cycloalkyl, heterocyclyl, aryloxy, benzyloxy, carboxy, alkoxycarbonyl, 

aryloxycarbonyl, carbamoyl, alkylthio, alkylsulfinyl, alkylsulfonyl, arylthio, arylsulfonyl, 
arylsulfmyl, alkoxycarbonylamino, aiyloxycarbonylamino, alkylcarbamoyloxy, 
arylcarbamoyloxy, alkylsulfonylamino, arylsulfonylamino, aminosulfonyl, alkylaminosulfonyl, 
dialkylaminosulfonyl, arylaminosulfonyl, amino, monosubsituted or disubstituted amino, and 

20 fiuther wherein the aromatic and alicyclic rings in R^ are optionally substituted with one, two, or 
three R^ wherein R*" is independently selected from alkyl, halo, haloallg^l, haloalkoxy, hydroxy, 
nitro, cyano, hydroxyalkyl, alkoxy, alkoxyalkyl, ammoalkyl, alkylthio, alkylsulfonyl, amino, 
alkylamino, dialkylamino, aryl, heteroaryl, cycloalkyl, carboxy, carboxamido, or 
alkoxycarbonyl; 

25 R^ is -S(0)2R^^ where R^* is phenyl or naphthyl optionally substituted with one, two, or 

three R' independently selected from alkyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, 
alkylthio, alkylsulfonyl, arylsulfonyl, aminosulfonyl, acyl, amino, monosubstituted amino, 
disubstituted amino, carboxy, alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl, 
heteroaryl, heterocyclyl, aryloxycarbonyl, heteroaryloxycarbonyl, aryloxy, heteroaryloxy, - 

30 NHS02R^ where R^ is alkyl, aryl, or heteroaryl, -SC^NR^'R^ where I& is hydrogen or alkyl and 
is alkyl, aryl, heteroaryl, hydroxyalkyl, alkoxyalkyl, or aminoalkyl, -NHCOOR"* where R" is 
alkyl, aryl, or heteroaryl, or -NHCONRTEt** where R" and R° are independently hydrogen, alkyl, 
aryl, aralkyl, heteroaryl, or heteroaralkyl; where the aromatic or alicyclic ring in the groups 
contained in R' is optionally substituted with one or two substituents independently selected 
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from aftyl, halo, alkoxy, haloalkyl, haloalkoxy, hydroxy, amino, alkylamino, dialkylamino, 
carbo^Q', or alkoxycarbonyl; 

R"" is hydrogen, alkyl, halo, haloalkyl, haloall(yl, hydroxyalkyl, alkoxyalkyl, alkoxy, 
hydroxy, aryl, aralkyl, aroyl, heteroaryl, heteraralkyl, heteroaroyi, -C(0)OR'*° where (R"*" is 
5 hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, heteroarylaHgrl, aryl, or 

aralkyl), alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylaminosulfonyl, arylaminosulfonyl, 
or cycloalkyl wherein the aromatic rings in R"'' are optionally substituted with one, two or three 
halogen, hydroxy, alkyl, alkoxy, haloalkyl, haloalkoxy, carbojqr, nitrile, nitro or -CONH2; 

or a pharmaceutically acceptable salts thereof. 
10 Withm the above group of compounds, a more preferred group of compounds is that 

wherein R^* is phenyl or naphthyl optionally substituted with one, two, or three R' independently 
selected from alkyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, alkylthio, alkylsulfonyl, 
arylsulfonyl, aminosulfonyl, acyl, amino, monosubstituted ammo, disubstituted ammo, carbojq^, 
alkoxycarbonyl, hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl, heteroaryl, or heterocyclyl where 
15 the aromatic or alicyclic ring in the groups contamed in R* is optionally substituted with one or 
two substituents independently selected from alkyl, halo, alkoxy, haloalkyl, haloalkoxy, 
hydroxy, amino, alkylamino, dialkylammo, carboxy, or alkoxycarbonyl. 

A second aspect of the invention is a pharmaceutical composition comprising a 
compound of Formula (la) or (lb), individual isomer or mfacture of isomers thereof or a 
20 pharmaceutically acceptable salt thereof, in admixture with one or mote suitable excipients. 

A third aspect of the invention is a method for treating a disease in an animal mediated 
by cysteine proteases, in particular cathepsin K or S which method comprises administering to 
the animal a therapeutically effective amount of compound of Formula (la) or (lb), individual 
isomer or mfacture of isomers thereof; or a pharmaceutically acceptable salt thereof. 
25 In a fourth aspect this invention is du-ected to the use of a compound of Formula (la) or 

(lb), individual isomer or mixture of isomers thereof; or a pharmaceutically acceptable salt 
thereof in the preparation of a medicament Preferably, flie medicament is for used in the 
treatment of a disease mediated by Cathepsin S. Preferably, the disease is psoriasis or 
myasthesnia gravis. 



30 



Detailed Descrbption of the Invention 

Definitions: 

Unless otherwise stated, the following terms used in tiie specification and clauns are 
defined for Ae purposes of this Application and have the foUowmg meanings. 
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"Alicyclic" means a moiety characterized by arrangement of the carbon atoms in closed 
non-aromatic ring structures having properties resembling those of aliphatics e.g., cycloalkyl 
and heterocyclyl rings as defined herein. 

"Alkyl" represented by itself means a straight or branched, saturated aliphatic radical 
5 containing one to six carbon atoms, unless otherwise indicated (e.g., alkyl includes methyl, 
ethyl, propyl, isopropyl, butyl, ^ec-butyl, isobutyl, terNbutyl, and the like). Alkyl represented 
along with another radical (e.g., as in arylalkyl) means a straight or branched, saturated aliphatic 
divalent radical having the nimiber of atoms indicated (e.g., aralkyl includes benzyl, phenethyl, 

1- phenylethyl 3-phenylpropyl, and the like). It should be understood that any combmation term 
10 using an "alk" or "alkyl" prefix refers to analogs according to the above definition of "alkyl". 

For example, terms such as "alkoxy" "alkythio" refer to alkyl groups linked to a second group 
via an oxygen or sulfiir atom. 

"Alkylene", unless indicated otherwise, means a straight or branched, saturated aliphatic, 
divalent radical havmg the number of one to six carbon atoms, e.g., methylene (-CH2-), ethylene 
1 5 (-CH2CH2-), trimethy lene (-CH2CH2CH2-), tetramethylene (-CH2CH2CH2CH2-) 

2- methyltetramethylene (-CH2CH(CH3)CH2CH2-), pentamethylene (-CH2CH2CH2CH2CH2-), 
and the like. 

"Alkylidene" means a straight or branched saturated or unsaturated, aliphatic, divalent 
radical havmg the number of carbon atoms indicated (e.g. (Ci-6)alkylidene includes methylene 
20 (=CH2), ethylidene (=CHCH3), isopropylidene (=C(CH3)2), propylidene (=CHCH2CH3), 
allylidene (=CH-CH=CH2), and the like). 

"Alkylcarbamoyloxy" refers to a radical -OCONHR where R is an alkyl group as 
defined above e.g., methylcarbamoyloxy, ethylcarbamoyloxy, and the like. 

" Alkylsulfonylamino" refers to a radical -NHSO2R where R is an alkyl group as defined 
25 above e.g., mefliylsulfonylammo, ethylsulfonylamino, and the like. 

"Amino" means the radical -NH2. Unless indicated otherwise, the compounds of the 
invention containing amino moieties include protected derivatives thereof. Suitable protecting 
groups for amino moieties include acetyl, rcr^butoxycarbonyl, benzyloxycarbonyl, and the like. 

"Aminosulfonyl" refers to a radical -SO2NH2. 
30 "Alkylaminosulfonyl" or "dialkylammosulfonyl" refers to a radical ~S02NHR and - 

S02NRR' respectively, where R and R' are independently alkyl group as defined above e.g., 
methylaminosulfonyl, and the like. 

"Alkylamino" or "dialkylamino" refers to a radical -NHR and -NRR' respectively, 
where R and R' are independently alkyl group as defined above e.g., methylamino. 



7 



wo 2004/108661 PCT/US2004/0 17654 

dimethylamino, and the like. 

"Alkoxy" refers to a radical -OR where R is an alkyl group as defined above e.g., 
methoxy, ethoxy, and the like. 

"Alkoxycarbonyl" refers to a radical -C(0)OR where R is an alkyl group as defined 
5 above e.g., metiioxycarbonyl, ethoxycarbonyl, and the like. 

"AlkoxycarbonylalkyI" means the radical -(alkylene)-C(0)OR where R is alkyl as 
defined above e.g., methoxycarbonylalkyl, 2-, or 3-ethoxycarbonyhnethyl, and the like. 

"Alkoxycarbonylamino" refers to a radical -NHC(0)OR where R is an alkyl group as 
defined above e.g., methoxycarbonyl, ethoxycarbonyl, and the like. 
10 "Alkoxyalkyl" means a linear monovalent hydrocarbon radical of one to six carbon 

atoms or a branched monovalent hydrocarbon radical of Aree to six carbons substituted with at 
least one alkoxy group, preferably one or two alkoxy groups, as defmed above, e.g., 2- 
methoxyethyl, 1-, 2-, or 3-methoxypropyl, 2-ethoxyethyl, and the like. 

"Alkoxyalkyloxyalkyl" refers to a radical -(aIkylene)-0-(alkylene)-OR where R is an 
15 alkyl group as defined above, e.g., 2.methoxyethyloxymethyl, 3-methoxypropyloxyethyl, and 
the like. 

"Aminoalkyl" means a Imear monovalent hydrocarbon radical of one to six carbon atoms 
or a branched monovalent hydrocarbon radical of three to sfat carbons substituted with at least 
one, preferably one or two, -NRR' where R is hydrogen, alkyl, or -COR* where R" is alkyl, and 
20 R' is hydrogen or alkyl as defined above e.g., aminomelhyl, mettiylaminoethyl, 
dimelhylaminoethyl, 1,3-diammopropyl, acelylaminopropyl, and the like, 

"Alkylthio" refers to a radical -SR where R is an alkyl group as defined above e.g., 
methylthio, ethylthio, and tiie like. 

"Alkylsulfinyl" refers to a radical -S(0)R where R is an alkyl group as defined above 
25 e.g., methylsylfinyl, ethylsulfinyl, and the like. 

"Alkylsulfonyl" refers to a radical -SOjR where R is an alkyl group as defined above 
e.g., methylsulfonyl, ethylsulfonyl, and the like. 

"Acyl" means a radical -COR where R is hydrogen, alkyl, haloalkyl, aiyl, aialkyl, 
heteroaiyl, heteroaralkyl, or heterocyclyl as defined herem, e.g., fonnyl, acetyl, trifluoroacetyl, 
30 benzoyl, piperazm-l-ylcarbonyl, and the like. 

" Acyloxy" means a radical -OCOR where R is alkyl. haloalkyl, aiyl, aralkyl, heteroaiyl. 
heteroaralkyl, or heterocyclyl as defined herein. e.g., aoetyloxy. trifluoroacetyloxy, benzoyloxy, 
piperazm-l-ylcarbonyloxy. and ttie like. 

"Animal" includes humans, non-human mammals (e.g.. dogs, cats, rabbits, cattle, horses. 
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sheep, goats, swine, deer, and the like) and non-mammals (e.g., birds, and the like). 

"Aromatic" means a moiety wherem the constituent atoms make up an unsaturated ring 
system, all atoms in the ring system are sp^ hybridized and the total number of pi electrons is 
equal to 4n+2. 

5 "Aryl" means a monocyclic or fused bicyclic ring assembly containing 6 to 10 ring 

carbon atoms unless otherwise indicated, wherem each ring is aromatic e.g., phenyl or anthryl. 

" Aralkyl" means a radical -(alkylene)-R where R is aryl as defined above e.g., benzyl, 
phenethyl, and the like. 

"Aiyloxy" means a radical -OR where R is aryl as defined above. 
10 "Aryloxyalkyl" means the radical -(alkylene)-OR where R is aiyl as defined above e.g., 

phenoxymethyl, 2-, or 3-phenoxymethyl, and the like 

"Aryloxycarbonyl" means the radical -C(0)OR where R is aryl as defined above e.g., 
phenyloxycarbonyl, and the like. 

"Arylcarbamoyloxy" means the radical -OC(0)]SIHR where R is aryl as defined above 
15 e.g., phenylcarbamoyloxy, and the like. 

"Aroyl" means the radical -COR where R is aryl as defined above e.g., benzoyl. 
" Arylthio" refers to a radical -SR where R is an aryl group e.g., phenylthio, and the like. 
" Arylsulfinyl" refers to a radical -SOR where R is an aryl group e.g., phenylsulfinyl, and the 
like. 

20 " Arylsulfonyl" refers to a radical -SO2R where R is an aryl group e.g., phenylsulfonyl, 

and the like. 

"Aryloj^carbonylamino" refers to a radical -NHC(0)OR where R is an aiyl group as 
defined above e.g., phenoxycarbonylamino, and the like. 

"Arylsulfonylamino" refers to a radical -NHSO2R where R is an aryl group as defined 
25 above, e.g., phenylsulfonylamino, and the like. 

"Aiylaminosulfonyl" means the radical -SO2NHR where R is aryl as defmed above e.g., 
phenylaminosulfonyl, and the like. 

"Carboxamide'* means the radical -C(0)NH2. 

"Carbamoyl" means the radical -C(0)NRR' where R and R' are independently selected 
30 fi^om hydrogen, alkyl, aryl, aralkyl, heteroaiyl, heteroaralkyl, heterocyclyl or heterocyclylalkyl 
as defined herein provided one of R and R' is not hydrogen. 

"Carbocyclic ketone derivative" means a derivative containing the moiety 
-C(0)-. 

"Carboxy" means the radical -C(0)OH. 
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"Carbdxyalkyl" means the radical -(allcylene)-C(0)OH e.g., carboxymethyl, 
carboTc^ethyl, and the like. 

"Cycloalkyl" means a monovalent saturated or partially unsaturated, monocyclic, fused 
bicyclic or bridged polycyclic ring assembly containing three to eight ring carbon atoms'and any 
alkylidene or carbocyclic ketone (one or two oxo groups) derivative thereof e.g., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl, 2,5-cycIohexadienyl, bicyclo[2.2.2]octyl, ' 
adamantan-l-yl, oxocyclohexyl, dioxocyclohexyl, and the like. 

"Cycloalkylalkyl" means the radical -(aIkylene)-R whei« R is cycloalkyl as defined 
above e.g., cyclopropyhnethyl, cyclobutylethyl, cyclobutyhnethyl, and the like 

"Cycloalkylene" means a divalent saturated or partially unsaturated monocyclic rmg or 
bridged polycyclic ring assembly contaimng three to eight ring carbon atoms, and any 
carbocyclic ketone (one or two keto groups), derivative thereof. For example, the mstance 
wherein "R' and R'^ together with the carbon atom to which both R' and R'» are attached form 
cycloalkylene" includes, but is not limited to, the foUowmg: 





"Disubstituted ammo" means a radical -NRR» where R is alkyi, aiyl. aialkyl, heteroaiyl, 
heteraralkyi, or heterocyclyl, and R' is alkyl. aiyl. aralkyl, heteroaiyl. heteroaralkyl, cycloalkyl. 
heterocyclyl, cycloalkylalkyl, hydroxyalkyl, alkoxyalkyl, or acyl as defined herein. 
Representative examples include, but are not Innited to. dimethylamino, methylphenylamino, 
benzylmethylamino, acetyUnethylamino, and the like. 

"Disease" specifically includes any unhealthy condition of an anfanal or part thereof and 
mcludes an unhealthy condition that may be caused by. or incident to. medical or veterinary 
therapy applied to that animal, i.e., the "side effects" of such therapy. 

"Halo" means fluoro. chloro, bromo or iodo. 

"Haloalkyl" means alkyl substituted by one or more, preferably one to five, "halo" atoms, 
assuchtermsaredefinedinthisApplication. Haloalkyl mcludes monohaloalkyl, dihaloalkyl, 
trihaloalkyl, perhaloalkyl and the like e.g. chloromethyl, dichloromethyl. difluoiomethyl, 
trifluoromethyl, 2,2,2-trifluoroethyl, perfluoroethyl. 2.2,2-trifluoix)-l.l^ichloroethyl and the 
like). 

"Haloalkoxy" refers to a radical -OR where R is haloalkyl group as defined above e.g.. 
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trifluoromethojQ^, 2,2,2-trifluoroethoxy, difluoromethoxy, and the like. 

"Heterocyclyl" means cydoalkyl, as defined in this Application, provided that one or 
more, preferably one, two, or three of the ring carbon atoms indicated are replaced by a 
heteroatom moiety selected from -N=, -N-. -0-, -CO-, -S-, -SO-, or -S(0)2-. Representative 
examples include, but are not limited to, imidazolidmyl, morpholinyl, thiomorpholmyl, 
thiomorpholmo-l-oxide, thiomorpholmo- 1,1 -dioxide, tetrahydropyranyl, tetrahydrothiopyranyl, 
l-oxo-tetrahydrothiopyranyl, 1,1-dioxotetrathiopyranyl, indolinyl, piperazinyl, piperidyl, 
pyrrolidinyl, pyrrolinyl, quinuclidinyl, and the like. 

"Heterocyclylalkyl" means -(aIkylene)-heterocyclyl as defmed m this Application. 
Representative examples include, but are not limited to, imidazolidm-l-ylmethyl, morpholin-4- 
ylmethyl, thiomorpholin-4-yhnethy, thiomorpholin-4-yhnethyl-l -oxide, indolinylethyl, 
piperazinylmethyl or ethyl, piperidyhnethyl or ethyl, pyrrolidmylmethyl or ethyl, and the like. 

"Heterocycloalkylene" means cycloalkylene, as defmed in this Application, provided that 
one or more, preferably one or two, of the ring member carbon atoms indicated, is replaced by 
heteroatom moiety selected from -N=, -N-, -0-, -S- or -S(0)2-. For example, the instance 
wherem R^ and R^ together with the carbon atom to which both R^ and R'' are attached form 
heterocycloalkylene" mcludes, but is not limited to, the following: 







m which R is a substituent defined in the Summary of the Invention 

"Heteroaryl" as a group or part of a group denotes an aromatic monocyclic or multicyclic 
moiety of about 5 to about 10 ring members in which one or more, preferably one, two, or three, 
of the ring members is/are element(s) other than carbon, for example nitrogen, oxygen or sulfiir. 
Representative heteroaryl rings mclude, but are not limited to, pyrrolyl, furanyl, thienyl, 
oxazolyl, isoxazolyl, thiazolyl, unidazolyl, triazolyl, tetrazolyl, pyridinyl, pyrimidinyl, 
pyrazinyl, pyridazinyl, mdolyl, benzofiiranyl, benzothienyl, benzimidazolyl, quinolinyl, 
isoquinolinyl, quinazolinyl, qumoxalmyl, pyrazolyl, and the like. 

"Heteroaryloxy" means a radical -O-R where R is heteroaryl as defmed above. 

"Heteroaryloxycarbonyl" means a radical -C(0)0-R where R is heteroaryl as defmed 

above. 
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"Heteroaroyl" means a radical -C(0)-R where R is heteroaryl as defined above. 

"Heteroaralkyl" means a radical -(alkylene)-R where R is heteroaryl as defined above 
e.g., pyridinylmethyl, 1- or 2-furanylethyI, imidazolyhnethyl, and the like. 

"Heteroaryloxyalkyl" means the radical -(alkylene)-OR where R is heteroaiyl as defined 
5 above e.g., fliranyloxymethyl, 2-, or 3-indolyloxyethyl, and the like. 

"Heteroarylsulfonyl" refers to a radical -SO2R where R is an heteroaiyi group as defined 
above e.g., pyridinylsulfonyl, and the like. 

"Hydroxy" means the radical -OH. Unless mdicated otherwise, the compounds of the 
invention containing hydroxy radicals mclude protected derivatives thereof. Suitable protecting 
10 groups for hydroxy moieties mclude benzyl and the like. 

"Hydroxyalkyl" means a linear monovalent hydrocarbon radical of one to six carbon* 
atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with one 
or two hydroxy groups, provided that if two hydroxy groups are present they are not both on the 
same carbon atom. Representative examples mclude, but are not limited to, hydroxymethyl, 2- 
15 hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl. l-(hydroxymethyl)-2-methylpropyl, 2- 
hydroxybutyl, 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, l-(hydroxymethyl)-2- 
hydroxyethyl, 2,3-dihydroxybutyl, 3,4-dihydioxybulyl and 2-(hydroxymethyl)-3-hydroxypropyl, 
preferably 2-hydroxyethyl, 2,3-dihydroxypropyl, and l-(hydroxymethyl)-2-hydroxyethyl. 

"Isomers" mean compounds of Formula (la) or (lb) havmg identical molecular formulae 
20 but differ in the nature or sequence of bonding of theu- atoms or m the arrangement of their 
atoms in space. Isomers that differ m the arrangement of then- atoms m space are termed 
"stereoisomers". Stereoisomers that are not miiror images of one another are termed 
"diastereomers" and stereoisomers that are nonsuperimposable muxor unages are tenned 
"enantiomers" or sometimes "optical isomers". A carbon atom bonded to four nonidentical 
25 substituents is tenned a "chiral center". A compound with one chiral center has two 

enantiomeric forms of opposite churality is termed a "racemic mixture". A compound timt has 
more tiian one chual center has 2*» enantiomeric pau^, where n is tiie number of cWral centers. 
Compounds witii more tiian one chkal center may exist as etiier an individual diastereomers or 
as a mixture of diastereomers, termed a "diastereomeric mixture". When one chiral center is 
30 present a stereoisomer may be characterized by the absolute configuration of tiiat chiral center. 
Absolute configuration refers to the arrangement in space of the substituents attached to the 
chural center. Enantiomers are characterized by tiie absolute configuration of tiieir chiral centers 
and described by tiie R- and S'-sequencmg rules of Cahn. Ingold and Prelog. Conventions for 
stereochemical nomenclature, methods for the determmation of stereochemistry and tiie 
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separation of stereoisomers are weU known in the art (e.g., see "Advanced Organic Chemistry", 
4th edition. March. Jerry. John Wiley & Sons, New York, 1992). It is understood that the names 
and Ulustration used in this Application to describe compounds of Formula (la) or (lb) are meant 
to be encompassed all possible stereoisomers. 

Additionally, compounds of Formula (la) and (lb) may exist as tautomers. Such 
tautomeric forms (individual tautomers or mixtures thereof) are within the scope of this 
invention. For example, a compound of Formula (la) where is hydrogen can tautomerize to 
give a compound of Formula (lb) where R'*" is hydrogen and vice versa as shown below. 



,.J, R<\"H ^?\..H 

n 

10 <i*) Ob) 



It will be recognized by a person skiUed in the art that the amount of tautomers wiU vary 
based on certain conditions such as steric interactions, electronic effects of substituents. solvent 
polarity, hydrogen bonding capababilty, temperature, pH, and the like. 
1 5 "Keto or oxo" means the radical (=0). 

"Monosubstituted amino" means a radical -NHR where R is alkyl, aryl, aralkyl, 
heteroaryl, heteroaralkyl, cydoalkyl, cycloalkylalkyl, hydroxyalkyl, alkoxyalkyl, or acyl as 
defined herein. Representative examples include, but are not limited to, methylamino, 
phenylamino, benzylamino. cycloalkyhnethylamino, acetylammo, trifluoioacetyl, and the like. 
20 "Nitro" means the radical -NO2. 

"Optional" or "optionally" or 'Wy be" means that the subsequently described event or 
circumstance may or may not occur, and that the description includes instances where the event 
or cfrcumstance occurs and instances in which it does not. For example, the phrase "wherein the 
aromatic rmg R» is optionally substituted with one or two substituents independently selected 
25 fiom alkyl.." means that the aromatic ring may or may not be substituted with alkyl in order to 
fell within the scope of the invention. 

The present invention also includes JST-oxide derivatives of a compound of Formula (la) 
or (lb). N-oxide derivatives means derivatives of compounds of Formula (la) or (lb) m which 
nitrogens are m an oxidized state (i.e., N-^O) e.g., pyridme JST-oxide, and which possess the 
30 desired pharmacological activity. 

"Pathology" of a disease means the essential nature, causes and development of the 
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disease as well as the structural and functional changes that resuh from the disease processes. 

Tharmaceutically acceptable" means that which is useful in preparing a pharmaceutical 
composition that is generally safe, non-toxic and neither biologically nor otherwise undesirable 
and mcludes that which is acceptable for veterinary use as well as human pharmaceutical use. 

"Pharmaceutically acceptable salts" means salts of compounds of Fonnula (la) or 
ab)which are pharmaceutically acceptable, as defined above, and which possess the desired 
pharmacological activity. Such salts mclude acid addition salts formed with inorganic acids 
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the 
like; or with organic acids such as acetic acid, propionic acid, hexanoic acid, heptanoic acid, 
cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, 
maUc acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, 
o-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methylsulfonic acid, 
ethanesulfonic acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfomc acid, benzenesulfonic 
acid,^-chlorobenzenesuIfonic acid, 2-naphthalenesulfonic acid,p-toluenesulfonic acid, 
camphorsulfonic acid, 4-methylbicyclo[2.2.2]oct-2-ene-lK5arboxylic acid, glucoheptoiric acid. 
4,4'-methylenebis(3-hydroxy.2-ene-l-carboxylic acid), 3-phenylpix>pionic acid, trimethylacetic 
acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid, 
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid and the Uke. 

Pharmaceutically acceptable salts also include base addition salts which may be formed 
20 when acidic protons present are capable of reacting with inorganic or organic bases. Acceptable 
inorganic bases include sodium hydroxide, sodium carbonate, potassium hydroxide, alummum 
hydroxide and calcium hydroxide. Acceptable organic bases include ethanolamine, 
diethanolamme, triethanolamine, tromethanaine. iV-methylglucamine and the like. 

The present invention also includes prodrugs of a compound of Formula (la) or (lb). 
25 Prodrug means a compound that is convertible in vivo by metaboUc means (e.g. by hydrolysis) 
to a compound of Formula (la) or (lb). For example an ester of a compound of Fonnula (la) or 
(lb) containing a hydroxy group may be convertible by hydrolysis in vivo to the parent 
molecule. Alternatively an ester of a compound of Fonnula Qa) or (lb) containing a carijoxy 
group may be convertible by hydrolysis m vivo to the parent molecule. Suitable esters of 
30 compounds of Fonnula (la) or (lb) containing a hydroxy group, are for example acetates, 

citrates, lactates, tartrates, malonates, oxalates, salicylates, propionates, succinates, fomaktes, 
maleates, methylene-bis-b-hydroxynaphthoates, gentisates, isetiiionates, di-/,-toluoyltartrates,' 
methylsulphonates, ethanesulphonates, benzenesulphonates, p-toluenesulphonates, 
cyclohexylsulphamatBs and quinates. Suitable esters of compounds of Fonnula aa) or (lb) 
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containing a carboxy group, are for example those described by F. J.Leinweber, Drug Metab. 
Res.,.1987, 18, page 379, An especially useful class of esters of compounds of Formula (la) or 
Ob) containing a hydroxy group, may be foimed from acid moieties selected from those 
described by Bundgaard et al., J. Med. Chem., 1989, 32, page 2503-2507, and include 
substituted (aminomethyl)-benzoates, for example, dialkylamino-methylbenzoates in which the 
two alkyl groups may be joined together and/or interrupted by an oxygen atom or by an 
optionally substituted nitrogen atom, e.g. an alkylated nitrogen atom, more especially 
(morpholino-methyObenzoates, e.g. 3- or 4-(morpholinomethyl)-benzoates, and 
(4-alkylpiperazin-l-yl)benzoates, e.g. 3- or 4-(4-aIkylpiperazin-l-yl)ben2oates. 

"Protected derivatives" means derivatives of compounds of Formula (la) or (lb) in which 
a reactive site or sites are blocked with protecting groups. Protected derivatives of compounds 
of Formula aa) or (lb) are useful in the preparation of compounds of Fonnula (la) or (lb) or m 
themselves may be active cathepsin S mhibitors, A comprehensive list of suitable protecting 
groups can be found m T. W. Greene, Protecting Groups in Organic Synthesis, 3rd edition. John 
Wiley & Sons, Inc. 1999. 

"Therapeutically effective amount" means that amount which, when administered to an 
animal for treating a disease, is sufiBcient to effect such treatment for the disease. 

"Treatment" or "treating" means any administration of a compound of the present 
invention and includes: 

(1) preventing the disease from occurring m an anhnal which may be predisposed to the 
disease but does not yet experience or display the pathology or symptomatology of the disease, 

(2) inhibiting the disease m an animal that is experiencing or displaying the pathology or 
symptomatology of the diseased (i.e., arresting fiirther development of the pathology and/or 
symptomatology), or 

(3) ameliorating the disease m an ammal that is e3q)eriencing or displaymg the pathology or 
symptomatology of the diseased (i.e., reversing the pathology and/or symptomatology). 

Representative compounds of the Invention where R', R^, and R* are hydrogen, is 
phenylsulfonyl and otiier groups are as shown in Table 1 below are. 



Table 1 



6 P •? H 9 
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Cpd# 


Stereochem. 
at(*C,**C) 


R' 








1 


(S^ 


H 


cyclohexylmethyl 


C2H5 


benzoxazol-2-yl 


2 


(SJtS) 


CH3 


cyclohexylmethyl 


C2H5 


beiizoxazol-2-yl 


3 


iS.S) 


CH3 


cyclohexylmethyl 


C2H5 


benzoxazol-2-yl 


4 


(.m 


H 


2-OCHF2phenyl- 
methanesulfonylmethyl 


C2H5 


benzoxazol-2-yl 


5 




CH3 


2-OCHF2phenyl- 
methanesulfonylmethyl 


C2H5 


benzoxazol-2-yl 


6 




CH3 


thiazol-2-ylinetfiyl 


C2H5 


benzoxazol-2-yl 


7 


iS.S) 


CH3 


1-methylcyclopentyl- 
methyl 


C2H5 


benzoxazol-2-yl 


8 


iS.S) 


morpholino-4- 

yi 


cyclohexylmethyl 


C2H5 


benzoxazol-2-yl 


9 


(RJS) 


CH3 


2-OCHF2phenyl- 
mefhanesiilfonylmethyl 


C2H5 


5-C2H5- 
[13.4]oxadiazol- 
2-yl 


10 


iBS,RS) 


CH3 


2-OCHF2phenyl- 
methanesulfonylmethyl 


C2H5 


3-phenyl- 
[1.2.4]oxadiazol- 
5-yl 



Representative compounds of the Invention where R* and R^ are hydrogen, R^ is 
phenylsulfonyl and other groups are as shown in Table 2 below are. 
5 ^ Table 2 



04 

O R 



Table 2 



Cpd.# 


Stereochem. 












at(*C) 
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1 




H 


cyclohexylmethyl 


H,H 




2 


(S) 


CH3 


cyclohexylmethyl 


H,H 




3 


(S) 


CH3 


cyclohexylmethyl 




cyclopropyl 


4 


(S) 


H 


cyclohexylmethyl 




cyclopropyl 


5 


(JRS) 


SCH3 


cyclohexylmethyl 


H,H 




6 


(R) 


H 


2-OCHF2phenyl. 
methanesulfanyhnethyl 


H,H 




7 




H 


2.0CHF2phenyl- 
methanesulfonyhnethyl 


H,H 




8 




CH3 


cyclohexylmetihyl 




tetrahydrothiopyran- 
4-yl 


9 


(S) 


CH3 


cyclohexylmethyl 




1 , 1-dioxotetrahydro* 
thiopyran-4-yl 


10 




CH3 


2.0CHF2phenyl. 
methanesulfanylmethyl 


H,H 




11 


iR) 


CH3 


2-OCHF2phenyl. 
methanesulfonyhnethyl 


H,H 




12 


(.R) 


H 


phenyhnethanesulfonyhnethyl 


H,H 




13 


(R) 


CH3 


2-OCHF2phenyl- ~ 
methanesulfonyhnethyl 




1 , 1 -dioxotetrahydro- 
thiopyran-4-yl 


14 


(S) 


CH3 


1 -methylcyclopentylmethyl 


H,H 




15 


(R) 


CH3 


phenyhnethanesulfanylmethyl 


H,H 




16 


iR) 


CH3 


phenyhnethanesulfonyhnethyl 


H,H 




17 


(S) 




1 -methylcyclopentylmethyl 




4-yl 


XO 






I-methylcyclopentylmethyl 




1 , 1 dioxotetrahydro- 
thiopyran-4-yl 


19 


(S) 


CH3 


1 -methylcyclohexyhnethyl 




cyclopropyl 



Preferred Rm^ n^in».iifc 
(D While the broadest scope of this invention is set forth in the Summary of the Invention, 
certain compounds of Formula aa) and (lb) contained therein and within the prefened 
5 embodiment set forth in the Summary of the Invention (i.e., regarding scope of R^") are 
preferred. For example: 
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A. One preferred group of compounds is that wherein E is -C(R*)(R*)X' in which: 
is hydrogen or alkyl; and 

is hydrogen, alkyl. -(alkylene)-OR" (where is hydrogen, alkyl, or haloalkyl), 
cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaiyl, heteroaralkyl, heterocyclyl, 
heterocyclylalkyl wherein the aromatic or alicyclic rmg in aryl, aralkyl, heteroaiyl, 
heteroaralkyl, heterocyclyl or heterocyclylalkyl is optionally substituted with one, two, or three 
R« mdependently selected from alkyl, haloalkyl, alkoxy, hydroxy, haloalkoxy, halo, c^boxy, 
alkoxycarbonyl, amino, monsubstituted amino, disubstituted amino, or acyl. 

Preferably, R^ is hydrogen; 

R^ is alkyl, preferably ethyl; and 

X' is ^HO, -C(0)R»°, -C(0)CF3, -C(0)CF2CF2R' -CHK^HSCO^R'", 
-C(0)CF2C(0)NR'V^ -C(0)C(0)NR'«R", -C(0)CH20R'°, -C(0)CH2N(r'")S02R1° 
-C(0)C(0)N(R")(CHa)20R», -C(0)C(0)N(R")(CH2)2NHR" or .C(0)C(0)R'»; wherein R>° is 
alkyl. atyl, aralkyl, heteroaiyl, heteroaralkyl, cycloalkylalkyl or heterocyclylalkyl wherein the 
aromatic ring in R'° is optionally substituted with R" selected fix>m heteroaiyl, aiyl. or alkyl, R" 
is hydrogen or alkyl and R' is halo. 

Preferably, E is -CHR'>C(0)R'° where R« is alkyl, preferably ethyl, propyl, bulyl, more 
preferably ethyl, and R'" is heteroaiyl optionally substituted wilii one or two independently 
selected from alkyl, haloalkyl. alkoxy, cycloalkyl, hydroxy, haloalkoxy, halo, carboxy, 
alkoxycarbonyl, aryl, heteroaiyl, amino, monsubstituted amino, disubstituted amino, or acyl 
wherein the aromatic or alicyclic ring in is optionaUy substituted with one, two. or three 
substitutents independently selected from alkyl. haloalkyl. alkoxy. haloalkoxy. halo, hydroxy, 
carboxy, alkoxycarbonyl, amino, alkylamino, or dialkylamino. more preferably R'" is 
benzoxazol-2-yl, 4-azabenzoxazol.2-yl, 2-pyridin.3-yl.[1.3.4].oxadiazol.5-yl. 2-pyridin-4.yl- 
[1.3.4]-oxadiazol-5.yl, 2-ethyl.[1.3.4]-oxadia2ol.5-yl. 2-isopropyl.[1.3.4]:oxadiazol-5-yl, l-tert- 
butyl-[1.3.4].oxadia2ol.5-yl, 2-phenyl-[1.3.4]-oxadiazol-5-yl. 2-methoxymethyl-[1.3.4].' 
oxadiazol-5-yl, 2-furan-2-yl-[1.3.4]-oxadia2ol-5-yl. 2-thien.2-yl-[1.3.4].oxadia2ol-5-yl. 2-(4- 
methoxyphenyl)-[1.3.4]-oxadiazol.5-yl, 2-(2.methoxyphenylHl.3.4]-oxadiazol-5-yI. 2^3- 
methoxyphenylH1.3.4]^xadiazol.5.yl. 2.(2.trifluoix>methoxyphenylH1.3.4]-oxadiLl-5.yl. 2- 
(3-trifluoromethoxyphenyl)-[lJ.4]-oxadiazol-5-yU2<4-trifluoromethoxyphenyl)-[L 
oxadiazol-5-yl. 2-(4.dimethyIaminophenylH1.3.4]K)xadiazol.5-yl, pyradizin-S-yl, pyiimidin-2. 
yl, 3-phenyH1.2,4]K>xadiazol-5-yl, 3-ethyl-[1.2.4]-oxadiazol-5.yl. 3-cyclopropyl-[1.2.4]- 
oxadiazol-5-yl. 3-thien-3-yl-[1.2.4]-oxadiazol-5.yl. 3-pyridin-4.yl.[1.2.4]-oxadiazol-5-yl. 3- 
pyridin-2-yHl.2.4]K)xadia2ol-5.yl. 5-ethyHl.2.4]K)xadia2ol-3-yl, 5.phe^^^^^^ 
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3-yl, 5-thien-3-yl-[1.2.4]-oxadiazol-3-yl, 5-trifluoromethyl-[l,2.4]-oxadiazol-3-yl, 5-pyridin-4- 
yl-[1.2.4]-oxadiazol-3-yI, or 5-phenyloxazol-2-yl, most preferably benzoxazol-2-yl, 2-ethyl- 
[1.3.4]-oxadia2ol-5-yl, and 3-phenyl-[l,2.4]-oxadiazol-5-yl. 

B. Another preferred group of compounds is that wherein E is -C(R^)(R^X' in which 
and R* taken together with the carbon atom to which both R^ and R* are attached foim 
cycloalkylene or heterocycloalkylene, preferably cyclopropylene, cyclopentylene, 
cyclohexylene, thiomorpholinyl-1 -dioxide, tetrahydropyran-4-yl, tetrahydrothiopyran-4-yl, 
tetrahydropyran-4-yl-l-oxide, tetrahydropyran-4-yl,.l,lKiioxide, or piperidin-4-yl wherein the 
nitrogen atom is optionally substituted with alkyl or hydroxy, preferably tetrahydrothiopyran-4- 
yl-l,l-dioxide, and X» is -CHO, -C(0)R'°, -C(0)CF3, -C(0)CF2CF2R' -CH=CHS(0)2R»<', 
-C(0)CF2C(0)NR' v. -C(0)C(0)NRi V, -C(0)CH20R'^ -C(0)CH2N(R")S02R'°. 
-C(0)C(0)N(R»)(CH2)20R", -C(0)C(0)N(R»)(CH2)2NR^ or -CCOCCOR'". More preferably. 
-C(0)C(0)NRi°R" where R" is hydrogen and R^° is benzyl. 

C. Yet another preferred group of compounds is that wherein E is -CH2CN. 

D. Yet another preferred group of compounds is that whercm E is -CR'^^tN where R*" 
and R^' together with the carbon atom to which they are attached form cycloalkylene optionally 
substittited with one or two R*" independently selected fiom alkyl, halo, dialkylamino, aiyl, 
aralkyi, cycloalkyl, cycloalkylalkyl, heteroaiyl, heteroaralkyl, alkoxycarbonyl, or 
aiyloxycarbonyl. Preferably, R^ and together with the carbon atom to which they are 
attached form cyclopropylene, cydobutylene, cyclopentylene, or cyclohexylene optionaUy 
substituted with groups described immediately above. More preferably, R*" and R*" together 
with the carbon atom to which they are attached form cyclopropylene, cydobutylene, 
cyclopentylene, cyclohexylene, cycloheptylene, 2-methyl<^clopropylene, 3- 

benzylcyclopentylene,3s5yclohexyhnethylcyclopentylene,3-cyclopentyhnethylcyclopentyl^^^ 
3-phenylcyclopentylene, 3-cyclohexylcyclopen1ylene, 3-cyclopentylcyclopentylene, 3-pyridin-2- 
ylmethylcyclopentylene, 3-pyridin-3-yhnethylcyclopentylene, 3-pyridin-4- 
ylmethylcyclopentylene, 2-methylcyclopropylene, 2,3-dimethylcyclopropylene, 3- 
benzylcyclobutylene, 3-methylcyclopentylene, 3,4-dimethylcyclopentylene, 3- 
ethylcyclopentylene, 3-(l,l-dimethylpropyl)cyclopentylene, 3-n-butylcyclopen1yIene, 3- 
ethoxycarbonylcyclopentylene, 3,4-diethoxycarbonyl-cyclopentylene, or 3-ben2yl-4- 
dimethylaminocyclopentylene. Most preferably, (^clopropylene. 
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E. Yet another preferred group of compounds is that wherein E is -CR^^R^^CN where R** is 
hydrogen or alkyl and R*^ are independently selected from the group consisting of alkyl, 
haloalkyl, carboxyalkyl, alkoj^carbonylalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, 
5 heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyi, cyano, -alkylene-X-R'^ (where X is - 
0-, -NR"-, -CONR"-. -S(0)n,-, -NHCO-, -CO-, or -C(0)0- where nl is 0-2, and R^^ g^d R" 
are independently hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, 
heteroaryl, or heteroaralkyl) wherein the aromatic or alicyclic rmg in R^^ is optionaUy 
substituted with one, two, or three R^ independently selected from alkyl, haloalkyl, alkoxy, 
10 hydroxy, haloalkoxy, halo, carboxy, alkoxycarbonyl, amino, monsubstituted amino, 

disubstituted amino, nitro, aryloxy, benzyloxy, acyl, or arylsulfonyl optionaUy substituted with 
alkyl. 

Preferably, R^" is hydrogen and R*" is alkyl, haloalkyl, aralkyl, heteroaryl, heteroaralkyl, 
cycloalkylalkyl, heterocyclylalkyi, alkoxycarbonylalkyl, or -alkylene-X-R^^ (where X is -0-, - 

15 NR"-, -CONR"-, -S(0)„,-, -NHCO-, -CO-, or -C(0)0- where nl is 0-2, and R" and R" are' 
independently hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl, heteroaiyl, 
or heteroaralkyl) wherein the aromatic or alicyclic ring in R** is optionaUy substituted wife one, 
two, or three R* independently selected from aUsyl, haloalkyl, alkoxy, hydroxy, haloaUcoxy, halo, 
nitro, aryloxy, benzyloxy, carboxy, alkoxycaibonyl, amino, monsubstituted amino, disubstituted 

20 amino, or acyl and wherein the alkylene chain in alkyleneS-R" is one to three carbon atoms. 
Even, more preferably R*"* is 2-phenethyl, benzyloxymethyl, phenyhnethanesulfenyhnethyl, 3- 
phenylpropyl, benzyl, 2-chlorobenzyloxymethyl, phenyhnethanesulfonyUnethyl, 3- 
methoxybenzyloxymethyl, 4-methoxyphenyhnethanesulfanylmethyI, 4-methylphenyteiethane- 
sulfanyhnethyl, 4-chlorobenzyloxymethyl, 2-methylbenzyloxymethyl, 3-methylbenzyloxy- 

25 methyl, 3-methoxycarbonylbenzyloxyme<hyl, 4-methoxycarbonyl-benzyloxymefliyl, 2-tert- 

butoxycarbonylethyl, 2-chloroben2yl, 4-chlorobenzyl, 3,4-dichloiobenzyl, phenyl, pyridin-4-yl, 
pyridm-3-yl, methoxymethyl, pyridin-3-yhnethyl, pyridin-4-yhnethyl, thiazol-4-yhnethyl, 2- 
cyclohexylethyl, 3-cyclohexylpropyl, piperidin-l-ylmethyl, 2-piperidin-l-ylethyl, 3-piperidin-l- 
ylpropyl, l-methylpiperidin-4-ylmethyl, 2-(4-methylpiperidm-4-yl)ethyl, pynolidin-l-yhnethyl, 

30 2-pyrrolidin-l-ylethyl, 3-pyrrolidin-l-ylpropyl, 2-tetrahydrothiopyran-4-ylefliyl, 2- 

tetrahydropyran-4-ylethyl, tetrahydropyran-2-ylmethyl, tetrahydrothiopyran-4-methyl, 3- 
tetrahydropyran-4-ylpro^yl, 3-tetrahydrottiiopyran-4-ylpropyl, 4-cyclohexylbutyl, A^-benzyl-iV- 
methylaminomethyl,^Kjyclohexyhnethyl-iV^methyIaminomethyl,2,2,3,3,3-pentafluo^^^^ 
thien-2-yl, 4-phenylcarbonylaminobulyl, cyclohexyloxymethyl, cyclohexylmethyloxymethyl, N- 

20 
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cyclohexyl-iV-methylaminomethyl, pyridin-4-yImethoxymethyl, 2-methylpropyl, 2,2- 
dimethylpropyl, 3.3-dimethylbutyl, 3-methylbutyI, moipholin-4.ylmethyl, thiomoipholin-4- 
ylmethyl, 3-morphoIm-4-ylpropyl, 3-thiomorpholm-4-ylpropyl, 3-(4-methylpiperidin-l- 
yl)propyl, n-propyl, ethoxymethyl, ethylthiomethyl, 2-methyIthioethyI, ethylsulfmylmethyl, 2- 
ethylsulfonylethyl, 2-methylsulfmylethyl, 4-dimethylammobutyl, 2-JV^-dimethylamino- 
carbonylethyl, iV^-dimethylaminocarbonylmethyl. methoxycarbonylmethyl, indol-3-ylmethyl, 

1- methylindol-3-ylmethyl, l-ethylindol-3-yIinethyl, l-(4-methylphenylsulfonyI)indol-3- 
ylmethyl, 1-benzyloxyethyl, 2-(4-hydroxyphenyl)ethyl, benzyloxycarbonylmethyl, 2- 
(benzyloxycarbonyl)ethyl, 4-nitrobenzyl, 4-benzyloxybenzyl, 3-chlorobenzyI, 4-benzoylbenzyl, 

2- methylsulfonylethyl, naphth-l-ylmethyl, cyclopropylmethyl, cyclohexylmethyl, thien-2- 
ylmethyl, naphth-2-ylmethyl, 4-hydroxy-3-iodobenzyl, 4-hydroxybenzyl, indol-l-ylmethyl, 2- 
indol-l-ylethyl, 3-mdoI-l-ylpropyl, cycloheptylmpthyl, or 3-cyclohep1ylpropyl. 

F. Yet another preferred group of compounds is that wherein E is -CR^"R**CN where 

15 and together with the carbon atom to which they are attached form heterocycloalkylene 
optionally substituted with one to four R'= which are independently selected ftom alkyl, 
haloalkyl, hydroxyalkyi, alkoxyallcyl, alkoxyallcyloxyalkyl, aryloxyalkyi, heteroaiyloxyalkyl, 
aminoalkyl, acyl, aryl, aralkyl, heteroaryl, heteroaralkyl, heterocyclyl, heterocyclylalkyl, 
cycloalkyl, cycloalfcylalkyl, -S(0)„2R'\ -alkylene.S(0)„2-R''. -COOR'^ -alkylene-COOR", - 

20 CONHR"'R", or -alkylene-CONHR^ V (where n2 is 0-2 and R"-R", r" and R^" are 

mdependently hydrogen, alkyl, haloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, cycloalkyl, 
cycloalkylalkyl, or heterocyclyl and R'" and R^^ are independently hydrogen or alkyl) wherein 
the aromatic or alicyclic ring in the groups attached to heterocycloalkylene is optionaUy 
substituted with one, two, or three substituents independently selected fiom alkyl. haloalkyl, 

25 alkoxy, hydroxy, haloalkoxy, halo, carboxy. alkoxycarbonyl. amino, monsubstituted amino, 
disubstituted amino, or acyl. Preferably. R^*^ and together with flie carbon atom to which 
they are attached form pyrrolidinyl, piperidinyl. tetrahydropyranyl, tetiahydrothiopyranyl, 
tetrahydrofuranyl, tetrahydrothiopyran-4-yH -oxide, tetiahydrothiopyran-4-yl-l,l-dioxide, 
hexahydropyridmidinyl, or hexahydropyridazinyl optionally substituted as described above. 

30 More preferably. R^» and R"" together with the carbon atom to which they are attached form 
piperidin-4-yl substituted with one or two alkyl, haloalkyl. aminoalkyl, alkoxyalkyl, 
alkoxyalkyloxyalkyl. heterocyclyl, heterocyclylalkyl, -alkylene-CONHR^R^», or cycloalkyl. 
Most preferably, R*« and together with the carbon atom to which they are attached fonn 
piperidin-4-yl optionally substituted at the 1-position with methyl, ethyl, propyl, «-butyl, »- 
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pentyl, 3-dimethylammopropyl, 4-dimethylaminobutyl, 3-moipholin-4-ylpropyI, 3-piperidin-l- 
ylpropyl, 3-(4-methylpiperazin-l-yl)propyl, 3-(l.methylpiperidin-4-yl)propyl, 4-morpholin-4- 
ylbutyl, 2-(2-methoxyethyloxy)ethyl, 4-methoxybutyl, 4-aminocarbonylbutyI, 3- 
aminocarbonylpropyl, morpholin-4-yl, 4-methyIpiperazin-l.yl, l-ethoxycarbonylpiperidm-4-yl. 
l,l-dioxotetrhydrothiopyran-4-yl, hydroxy, 2,2,2-trifluoroethyI, or /ert-butyl, 1,2- 
dimethylpiperidin-4-yl, l,2,6-trimethylpiperidin-4.yl, l,2,2-trimethylpiperidm-4-yl, l-methyl-2- 
oxopiperidin-4-yl, l-methylpiperidin-3-yl, l-terf-butoxycarbonylpiperidm-4-yl, 1- 
cycIohexylpiperidin-4-yl, l-cyclopropylmethylpyrrolidin-3-yl, l-benzylpyrrolidin-3-yl, 1- 
benzyloxycarbonylpyrrolidin-3-yl, pyrrolidm-3-yl, l-hydroxypyrrolidin-3-yl, 1- 
methylpyrrolidin-3-yl, l-ethypyrrolidm-3-yl, l-M-propyl or «-butylpynolidin-3-yl, 1- 
cycIohexyIpyrrolidin-3-yl, l-ethyl-2,2-dimethyIpyrroUdin-4-yl, l-propyI-2- 
methoxycarbonylpiperidin-4-yl, 2-oxopyrrolidin.3-yl, l-ethyl-2-oxopyrrolidin-3-yl, morpholin- 
4-yl, l-(l-methylpiperidm-4-ylcarbonyl)piperidin-4-yl, l-ethoxycarbonylpiperidin.4-yl, 1- 
benzylazetidin-S-yl, tetrahydrothiopyran-4-yl.l -oxide, or tetrahydrothiopyran^-yl-l.lKiioxide. 
Particularly preferably, R^^ and R*'' together with the carbon atom to which they are Attached 
form piperidin-4-yl optionally substituted at the 1-position with methyl, ethyl, 2-propyl, or 
cyclopropyl, tetrahydrothiopyran-4-yl, tetrahydrothiopyran-4-yl-l.oxide. or tetrahydrotiiiopyran- 
4-yH,l -dioxide. 



Yet another preferred group of compounds is that wherem E is a group of formula 



(a): 




X5 



r5 wn 

in which: 



n is 0, 1, or 2, X* is -NR^^-, ^. or -S- v/hacc is hydrogen, alkyl, or alkoxy; is -O- 
, -S(0)2-, -S- or-NR". where R^ is selected from hydrogen, alkyl, -8(0)2^?*, -C(0)0R2«, or 
acyl where R^* is alkyl, haloalkyl. cycloalkyl. cycloalkylalkyl, heterocyclyl, heterocyclylaUcyl, 
aryl, aralkyl, heteroaryl, or heteroaralkyl and R^* is hydrogen or alkyl. Preferably, X* is -0-, n 
isOor l,andX'is-0-. 



(a) Within the above preferred and more preferred groups contamed within (A-G), 



an even 
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more preferred group of compounds is that wherein: 

R'" is alkyl, cycloalkyl, aralkyl, heteroaralkyi, cycloalkylalkyl, heterocyclylallcyl or - 
allcylene-X^-R^^ [wherein is -m?\ -0-. .S(0)„4-. -CO-, -COO-, -OCO-, -NR^'CO- 
CONR'\ -NR^^SOa-. -SO^NR^S -NR^COO-, -OCONR^S -NR^^CONR^^ or- 
m^'SOaNR^. (where R" and R^^ are independently hydrogen, alkyl. or acyl and n4 is 0-2) and 

is hydrogen, alkyl, haloalkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, aryl, aralkyl, 
heteroaryl, heteroaralkyi, heterocyclyl, or heterocyclylalkyl] wherem said alkyleiie chain' is 
optionally substituted with one to six halo and wherein the aromatic or alicyolic ring m R'» is 
optionally substituted with one, two, or three R« independently selected from alkyl, haloalkyl, 
alkoxy, hydroxy, haloalkoxy, halo, nitro, cyano, carboxy, alkoxycarbonyl, aiyl, heteroaryl 
cycloalkyl, cycloalkylalkyl, aralkyl. heteroaralkyi, amino, monsubstituted amino, disubsti^ted 
amino, or acyl 

Preferably, R'Ms 2-methylpropyl, 2,2-dhnethylpropyl, 4,4-dimethylcyclohexyhnethyl. 4- 
ethyl-4-methylcyclohexyImethyl, 4,4-diethylcyclohexyhnethyl, 3,3-dmiethylcyclohexyhnethyl, 
3,5-dimethylcyclohexyhnethyl. l-ethoxycarbonylpiperidm.4-yhnethyl, l-mett)iyIpiperidin-4. ' 
yhnethyl, cycloheptylmethyl, cyclooctylmethyl, 3,3-dimethylbutyl. 3.methylbutyl. 2- 
cyclohexylethyl, 2,2,3-trimethylbutyl, 2-cyclohexyl-2-methylpn,pyl. 3,3-dimethylpentyl. 3- 
ethyl-3-methylpentyl, 2-(l-methylcyclohexyl)ethyl, tetrahydronaphthyhnethyl, 2- 
tetrahydropyran-4-ylethyl, 2-(l-methylcyclopropyl)ethyl. 2-(l.mefliylcyclopiJpyl).2. 
methylpropyl, 2-cyclopentylethyl, 2-cyclopentyl.2.melhyIpropyI. 4-isopropyl.4. 
methylcyclohexylmethyl, phenyhnethanethiomethyl. phenylmethanesulfinyhnethyl, 
dimethylaminomethyl, pyrrolidin-1 -yhnethyl. piperidin-l-yhnelhyl. moipholin.4.yimethyl. 
thiomorpholin.4-ylmethyl. l-oxo-thiomorpholin-4-yhnethyl. l.l-dioxothiomorpholm-t- 
yhnethyl, tetrahydrothiopyran-4-yhnethyl. l-oxo1etrahydrothiopyran-4-yhnethyl. 1,1- 
dioxotetrahydrothiopyran-4-yhnethyl, l-methylpiperazm.4.yhnethyl. benzyloxym^yl. n-butyl 
ethoxymethyl, ethylthiomethyl, ethylsulfinyhnethyl. ethylsulfonyhnethyl. isopropyltfaiomethyl. 
isopropyloxymethyl, 2-dimethylaminoethyl, 2.piperidin.l-ylethyl, 2-pyrrolidin-l-ylethyI. 2- 
methylthioethyl, 2-methylsulfmylethyl. 2-methysulfonylethyl. tert-butylthiomethyl. tert- 
butyloxymethyl, benzyl. 4-methoxybenzyl. imidazoM-yhnethyl. 4Klimethylammobutyl. indol- 
3-ylmethyl, 2-dmiethylammocaibonylethyl, 2-pyrrolidin-l-ylcarbonylethyl, 
dimethylammocarbonylmethyl. pyrrolidin-l-ylcarbonyhnelhyl. methoxycai^bonylmethyl. 2- 
fluorophenyhnethanesulfonyhnethyl. 2-chlorophenyhnethanesulfonyhnethyl. 2- 
nitrophenylmethanesulfonyhnethyl. 2.cyanophenyhnethanesulfonyhnethyl. pyridm.3- 
yhnethanesulfonyhnethyl, pyridm.2-yhnethanesulfonyhnethyI, pyridin-4-ylmethane- 
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sultbnylmethyl, 2-tluorophenylmethane.thiomethyl, 2-chlorophenylmethanethiomethyl. 2- 
cyanophenylmethanethiomethyl, 2.nitrophenylmethanethiomethyl. 
cyclohexylmethanethiomethyl,cyclohexylsulfinylthiomethyl, 

cyclohexylmethanesulfonylmethyl, 3,4-dichlorobenzyl, 2-chIoroben2yl, 4.ethoxyben2yI 4- 
nitrobenzyl, biphen-4-ylmethyl, naphth-1-yImethyI, 2-methylbutyl, 1-methylpropyl, napLth-2- 
ylmethyl, 4-chlorobemyl. 3-chlorobenzyl, 4.fluoroben2yI, indol-2-ylmethyl. l-benzylimidazol- 
4.ylmethyl, 2-phenethyl, 4-hydroxyben2yl, 2.(4-hydroxyphenyl)ethyl, 4.ethyl-4. 
methylpiperidin-1-ylmethyI, 2-methylcyclohexylmethyl. 4-methoxycyclohexylmethyl. indol-l- 
ylmethyl, l-methylpiperidin-2-ylmethyl, 2.bicyIo[2.2.1]hep.3-1yletiiyl. S-methyl-g-aza- 
bicyclo[3.2.1]oct-3-ylmethyI. bicycIo[3. 2. l]oct.3 -ylmethyl. bicyclo[3.1.1]hept.3-ylmethyl 6 6- 
dimethylbicyclo[3.1.1]hept.3-ylmethyl. 6,6.dime1hylbicyclo[3.1.1]hept-4-ylmethyl. 2- 
bicyclo[2.2.1]hept.l-ylethyl, bicyclo[2.2.1]hept.2-ylethyl. 1hiophene-2.sulfonylmeaiyl, 

3- chloro-2-fluorophenylmethane-sulfonylmethyl, benzenesulfonylmethyl. 
phenylmethanesulfonylmethyl, 2-benzenesuIfonylethyl, 2-(pyridin-2-ylsJlfonyl)ethyl. 

2- (pyridm-4-ylsuIfonyl)ethyl, 2-phenylmethanesuIfonyl-ethyI, 
oxypyridin-2-yImethanesulfonyImethyU-methoxyphenyl.meft^^^ 
/^-tolylmethanesulfonylmethyl, 4-chlorophenylmethanesulfonylmefhyl. 
o-toIylmethanesulfonylmethyl,3.5Kiimethylphenylmethanesulfonyhn^^^^ 

4- trifluoromethylphenylmethanesulfonylmethyl.4-trifluoromeA^ 

sulfonylmethyl, 2-bromophenylmethanesulfonyImethyI. naphth-2.ylmethanesuIfonylmethyl 

3- methyIphenylmethanesulfonylmethyl. 3-trifluoromethylpheaylmethanesuIfonylmefliyl, 

3- trifluoromethojqT)henylmethane-sulfonyImethyI, 

4- fluoro-2-trifluoromethoxyphenylmethanesulfonyImethyI, 

2. fluoro-6-trifluoromethylphenylmethanesulfonylmethyl. 2,6-difluoroberi2yl. 1- 
methylcyclopen1ylmethyl,cyclohexyl,pyridin-4-ylmethyl, ~ 
3-chlorophenyImethanesulfonylmethyU-trifluon>me%^^^ 
4.terr.butylphenylmelhanes«lfonylmethyU-fluoix,:3.^^^^^ 

3. fluorophenylmethanesulfonylmethyl,4-fluorophenylmethanesulfony 
2,5-ditaophenylmethanesulfonylmethyl,2,6.dffluon,phenyImethane^^ 
2.5.dichlon>phenyImethanesulfonylme%l,3.4.dicWorophenylmeta 
2-(l.lKUfluoromethoxy)phenylmethanesulfonylmethyl,3.cyanophe 
2-tnfluoromethoxyphenylmethanesulfonylmethyl, 

3.trifluoromethoxyphenylmethanesulfonylmethyl.2,3-difluoro^^^^ 
2.5-difluorophenylmethanesulfonyImethyl, biphenyl.2-yImethane.sulfoiiylmethyl, 



24 



wo 2004/108661 

PCT/US2004/017654 

cyclohexylmethyl, S-tluorophenyi-memanesulfonylmethyl. 2-pyridin-2-ylsulfonylethyl, 2- 
phenylsulfonylethyl, 2,2-difluoro-3-phenylpropyl, 2,2-dichloro-3-phenyIpropyl. 2,2> 
trichloroethyl, 2,2-dichloroethyl, 1,4-dimethylcyclopentylmethyl, 

3.4- difluorophenylmethanesulfonylme%l,2,4-difluorophenylmethanesuIfonyto^^ 
2,4.6-trifluorophenylmethanesulfonylmethyl,2,4,5.trifluorophenylmethanesutf^^^ 
2,3,4-trifluomphenylmethanesulfonylme%l,2,3,54rifluorophenylmethanesutf^^^ 
2.5.6-trifluorophenylmethanesulfonyl-methyl, 2-chloro-5-trifluoromethylphenylmethane- ' 
sulfonylmethyl, 2-methylpropane-l.sulfonylmethyl, 2-fluoro.3.trifluoromethylphenyl. 
methanesulfonylmethyl,2.fluoro.4-trifluoromethylphenylmetbanesulfonyta^^ 
2-fluoro-5-trifluorome%l.phenylmethanesulfonylmethyl.4.fluoro.3-trmTO^^^ 
phenylmethanesulfonylmethyl,2-methoxyphenyImethanesuIfonylmethyl, 

3.5- bis-trifluoromethylphenyl-methanesuIfonyImethyl.4-difl^^^^ 

sulfonylmethyl, 3-difluoromethoxyphenylmethanesulfoiiyImethyl, 2.6-dicWorophenylmethane- 
sulfonylmethyl, biphenyl-4-ylmethanesulfonylme1hyl, 3,5-dimethyl- 

isoxazol-4-ylmethanesulfonylmethyl,5-chlorothien-2-ylmethane-suIfonylm^ 
2-[4<l,l-difluoromethoxy)benzenesulfonyl]ethyl,2-[2<14Klifluoromethoxy^^ 
sulfonyl]ethyl,2-[3-(l,l-difluoromethoxy)benzenesulfonyl]ethyl, 
2-(4-trifluoromethoxybenzenesulfonyl)ethyl,2K3-trifluoromethoxybeM^ 
2-(2-trifluoroinethoxyben2enesulfonyl>ethyl, (cyanomefliylmethylcarbamoyl)inethyl, 
biphenyI-3-ylmethyl, 2-oxo-2-pyiTolidin.l-ylethyl. 2-ben2enesulfonylethyl, 
isobutylsulfanylmethyl, 2-phenylsulfeiiylethyl, cyclohexylmethanesulfonylinethyl. 
2-cycIohexylethanesulfonyl, benzyl, naphth-2-yl, phenylmethanesulfenylmethyl, ' 
2-trifluoromethylphenyImetahnesuIfenylmethyl,phenylsulfenylethyl, 

cyclopropylmethanesulfonylmethyl. 2.me%lpK)pylsulfonylmethyl, 5.bromothieii-2-yImethyl. 
3.phenylpropyl. 2.2.difluoro.3-phenylpropyI. 3,4.5-trimethoxy-phenylinethanesulfoiiyl-methyl. 
2,2^ifluoro.3.thien.2-ylpropyl. cyclohexylethyl, cyclohexylmethyl. cyclopentylmethyl, tert- ' 
butyhnethyl, l-methylcyclohexybnethyl, l-methylcyclopentyhnethyl. 2.2-difluorD-3. 
phenylpropyl. 2.2^hnethyl.3.phenylpK,pyl, l-benzylcyclopropyhnethyl, or benzyloxymethyl. 

More preferably. R»« is cyclohexyl, 2-cyclohexylethyI, cyciohexyhnethyl, tert- 
butylmethyl, 1-methylcyclohexyhnethyl. l-methylcyclopen1yhnethyl. 2.2-difIuoro-3. 
phenylpropyl, 2.2-dichloro-3.phenylpropyl. 2.2,2-trichloioethyl, 2.2-dlchloroethyl, 1.4- 
dimethylcyclopentyhnethyl. 2.2.dimethyl.3-phenylpropyl. l-benzylcycIopropylmJthk 2-(l.l- 
difluoromethoxy)phenyl-methanesulfonyhnefliyl, 2-(l,l- 

difluoromethoxy)phenylmethaneoxymethyl, pyridin-J-yhnbthyl. phenyhnethanesulfonyhnethyl. 
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pyridin-2-ylmethanesulfonylmetfayl,pyridin-4-ylmethane-sulfonylmethyl,2-^^ 
sulfonylmethyl, cyclopropylmethanesulfonylmethyl, pyridin-3-ylinethanesulfonylmethyl, 2.6- 
difIuorophenylmethanesulfonylmethyl,2-pyridm-2-ylsulfonylethyl,2-phenyl^ 
benzyloxymethyl, 2,2-diinethylpropyl, cyclopentylmethyl, morpholin-4-ylmethyI, S-bromothien- 
2-ylmethyl, pyridin-4-ylmethyI, 2-chlorobenzyl, or 4-fluoroben2yl; and 
is hydrogen. 



(b) Yet another more preferred group of compounds withm groups (A-F) is that wherein R' 
and R^'' together with the carbon atoms to which they are attached fonn cyclohexylene or 

10 heterocycloalkylene, preferably 3,3-dimethylcycIobulyl, cyclohexyl, cyclopentyl, cyclooctyl, 
tetrahydrothiopyran-l,l-dioxide, or piperidin-4-yl wherein the nitrogen atom at the 1-position of 
the piperidinyl ring is optionally substituted with R^ where R^ is alkyi or -SO2R where is alkyl, 
cycloalkyl, cycloallcylalkyl, aryl, aralkyl. heteroaiyl or heteroaralkyl where the rings in R^are 
optionally substituted with one, two, or three substitutents independently selected fiom alkyl, 

1 5 alkoxy, haloalkyl, haloalkoj^, hydroxy, halo, or carbojq^. 

(1) Within the above preferred, more preferred, and even more preferred groups above, a 
particularly preferred group of compounds is that wherein: 

R^ is hydrogen, alkyl, cycloalkyl, phenyl, benzyl, naphthyl. alkylSCbalkyl, 

20 cycloalkylSOaalkyl, arylSOzalkyl, pyrrolidinyl, piperidinyl. moipholinyl. thiomoipholinyl, 
piperazinyl, indolinyl, pyranyl, thiopyranyl, furanyl, thienyl, pyirolyl, oxazolyl, thiazolyl. 
imidazolyl, pyridinyl, isoxazolyl, pyrunidmyl, pyrazmyl, pyridazinyl, indolyl, quinolinyl, 
benzofuranyl, benzthienyl, benzimidazolyl, benzlhiazolyl, benzoisoxazolyl, benzoxazolyl or 
amino; wherem the aromatic or alicyclic ring in R^ is optionally substituted by one. two, or three 

25 R«; 

each R8 is mdependently alkyl, halo, hydroxy, 0x0, carboxy, cyano, nitro, carboxamide, 
cycloalkyl, phenyl, naphthyl, pyrrolidmyl, piperidinyl, morphoBnyl, thiomoipholinyl. 
piperazinyl, furanyl. thienyl, oxazolyl. thiazolyl, imidazolyl, triazolyl, tetiazolyl. pyridinyl, 
pyrimidinyl, pyrazmyl, indolyl, benzofuranyl. benzothienyl. benzunidazolyl. benzthiazolyl, 
benzoxazolyl, quinolmyl, isoqumolinyl, quinazoUnyl, qmnoxalinyl, alkoxy, -COR (where R is 
alkyl), -OC(0)R (where R is alkoxy or aiyl), aryloxy, benzyloxy, alfcoxycarbonyl, 
aryloxycarbonyl, carbamoyl wherein the nitrogen atom may be mdependently mono or 
di-substituted by alkyl, aryl, pyrrolidmyl. piperidinyl, moipholmyl, thiomorpholinyl, 
piperazinyl, furanyl, thienyl, oxazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, pyridinyl. 
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pyrimidinyl, pyrazinyl, indolyl, benzofuranyl, benzothienyl. benzimidazolyl. benzthiazolyl, 
quinolinyl, isoquinolinyl, quinazolinyl or quinoxalinyl, alkylthio, aiylthio, alkylsulfinyl, 
alkylsulfonyl, arylsulfinyl. arylsulfonyl, alkoxycarbonylamino, aiyloxycarbonylamino. ' 
alkylcarbamoyloxy, aiylcarbamoyloxy, alkylsulfonylamino, aiylsulfonylamino, 
alkylaminosulfonyl, aiylaminosulfonyl, amino wherein the nitrogen atom may be independently 
mono or di-substituted by alkyi, aryl, pyrrolidinyl, piperidinyl. morpholinyl, thiomoipholinyl. 
piperazinyl. foranyl, thienyl, oxazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, pyridinyl. ' 
pyrimidinyl, pyrazinyl, indolyl, benzofuranyl, benzothienyl. benzunidazolyl, benzthiazolyl. 
qumolinyl, isoquinolinyl, quinazolinyl or quinoxalmyl, where the aromatic or alicyclic rings in 

may be further optionally substituted by one, two or three R" independently selected from 
alkyl. alkoxy, haloalkyl. haloalkoxy. halo, hydroxy, carboxy. carboxamido, cyano. nitro. aiyl or 
cycloallqrl; 

R^ is hydrogen or methyl; 

R* is as defined m the Summary of the Invention; and 

R** is hydrogen, alkyl, cycloalkyl, aryl, alkoxy, or hydroxy. 

Preferably, R^ is hydrogen, methyl, ethyl, isopiopyl. cyclopropyl. cyclopentyl, 
cyclohexyl, phenyl, benzyl, naphthyl, pyrrolidinyl, piperidinyl. moipholinyl, thiomoi^jholmyl 
piperazinyl, fiu-anyl, thienyl. thiazolyl, imidazolyl, pyridinyl. pyrazinyl. or amino wherein the 
aromatic or alicylic rings m R' are optionally substituted with one. two. or three R« 
independently selected from methyl ethyl, fluoro. chloro. bromo. iodo. hydroxy, oxo. carboxy, 
cyano, nitro, carboxamide, cyclopropyl. phenyl. pyrroUdinyl, piperidinyl. moipholinyl. 
thiomorpholinyl. piperazinyl. thienyl. imidazolyl. methoxy. acetyl, acetoxy. phenoxy. ' 
ben^loxy. methoxycarbonyl. phenoxycaibonyl. carbamoyl wherein the nitrogen atom is mono 
or disubstituted independently with methyl, ethyl or phenyl. methyWiio. phenylthio. 
phenylsulfonyl, methylsulfonyl. methoxycarbonylamino. phenoxycariwnylamino. ' 
methylcarbamoyloxy. phenylcari,amoyloxy, methylsulfonylamino, phenylsulfonylamino, 
methylaminosulfonyl. phenylaminosulfonyl. amino wherein the nitrogen atom is mono or 
disubstituted independently with methyl or phenyl wherein the aromatic or alicyclic rings in R« 
are further optionally substituted with one. two. or three R^* independently selected from methyl, 
cyclopropyl, phenyl, methoxy. fluoro, chloro, hydroxy, carboxy, or carboxamido. 

Even more preferably, R^ is hydrogen, methyl, ethyl, isopropyl. cyclopropyl. cyclohexyl. 
phenyl, naphthyl. benzyl, pyrrolidinyl, piperidinyl, moipholmyl, thiomorpholinyl, fiiranyl, 
thienyl. thiazolyl. imidazolyl. pyridmyl, pyrazmyl or amino wher^m the aromatic or alicyclic 
rmgs m R^" are optionaUy substituted with one, two, or three R« independently selected from 
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methyl, fluoro, chloro, phenyl, thienyl, methoxy, acetyl, acetoxy, phenoxy. benzyloxy, 
methoxycarbonyl, carbamoyl wherein the nitrogen atom is mono or disubstitued independently 
with methyl or phenyl, methylthio, phenylthio, phenylsulfonyl, methylsulfonyl, 
methoxycarbonylamino, metiiylcarbamoyloxy, phenylcarbamoyloxy, methylsulfonylamino, 
phenylsulfonylamino, amino wherein the nitrogen atom is mono or disubstituted independently 
with methyl or phenyl where the aromatic or aUcyclic ring in is optionally substituted with 
one, two, or three independently selected from methyl, cyclopropyl, phenyl, methoxy, fluoro, 
chloro, hydroxy, carboxy, or carboxamido. Most preferably, is hydrogen, isopropyl, 
benzyloxy, cyclohexyl, phenyl, 4-methoxyphenyl, 4-chlorophenyl, 4-fluorophenyl, 2- 
fluorophenyl, 2-fluoro-4-chlorophenyl, naphthyl, methyl, piperidinyl, morpholinyl, furanyl, 
thienyl, pyridin-4-yl, pyrazinyl, methylamino, ethylamino, dimethylammo or diethylamino. 
Particularly preferably R' is hydrogen or methyl; 

R*° is hydrogen, alkyl or alkoxy; preferably, hydrogen; and 

R* is -S(0)2R^* where R^" is phenyl or naphthyl optionaUy substituted with one, two, or 
three R' independently selected from alkyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, 
alkylthio, alkylsulfonyl, aminosulfonyl, acyl, amino, monosubstituted amino, disubstituted 
amino, hydroxyalkyl, alkoxyalkyl, aminoalkyl, aryl, heteroaryl, or heterocyclyl where the 
aromatic or alicyclic rmg in R is optionally substituted with one or two substituents 
mdependently selected from alkyl, halo, alkoxy, haloalkyl, haloalkoxy, hydroxy, amino, 
alkylamino, dialkylamino, carboxy, or alkoxycarbonyl. Preferably, R** is phenylsulfonyl 



H. Another preferred group of compounds of Formula (la) or (lb) is that where R* is - 
S(0)2R^"' where R^* is phenyl or naphthyl optionaUy substituted with one, two, or three R' 
independently selected from alkyl, alkoxy, halo, haloalkyl, haloalkoxy, hydroxy, alkylthio, 
alkylsulfonyl, ammosulfonyl, acyl, amino, monosubstituted ammo, disubstituted ammo, 
hydroxyalkyl, alkoxyalkyl, ammoalkyl, aiyl, heteroaryl, or heterocyclyl where the aromatic or 
alicyclic ring in R is optionally substituted with one or two substituents mdependentiy selected 
from alkyl, halo, alkoxy, haloalkyl, haloalkoxy, hydroxy, ammo, alkylamino, dialkylamino, 
carboxy, or alkoxycarbonyl. Preferably, R" is phenylsulfonyl. Within tiiis group, more 
preferred groups are those where R», R'», R^.r* and R^" are as described in in preferred 
embodraients above. Witiiin the preferred and more preferred groups, an even more preferred 
group of compounds is that wherem E is as defined in Groups (A-G) above. 

I. Another preferred group of compounds of Formula (la) or Qb) is tiiat wherein: 
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R', R^ and R"' are hydrogen; 

R** is cycloallQ'lalkyl wherein the alicyclic ring is optionally substituted with alkyl, 
heteroaralkyi, or -alkylene-S(0)„4-R^^ where n4 is 0 to 2 and R^^ is aralkyl where the aromatic 
ring is optionally substituted with haloalkoxy; 
5 R^ is hydrogen, alkyl, heterocyclyl, or alkylthio; 

R"* is phenylsulfonyl; 

E is -CHR^COR*** where R^ is alkyl and R'" is heteroaryl optionally substituted witii allq^l 
or aryl, -CH2CN, or -CR^^R*^ where R^= and R^" together with the carbon atom to which they are 
attached form cycloalkylene or heterocycloallcylene; or 
10 a pharmaceutically acceptable salt thereof. 

A person skilled in the art will recognize that a compound in tiiis group can tautomerize to 
give a compound of Formula (Tb) where R""* is hydrogen. The amount of each tautomer present 
will depend on various conditions such as steric hinderance, pH, tMnperature, and the like. 
Accordingly, this group encompasses individual tautomeric forms of compounds of Formula (la) 
IS as well as mixtures thereof. 

Reference to the preferred embodiments set forth above is meant to include all combinations 
of particular and preferred groups unless stated otiierwise. 

GENERAL SYNTHETIC SCHEME 
20 Compounds of this invention can be made by the methods depicted in tiie reaction 

schemes shown below. 

The startmg materials and reagents used in preparing these compounds are either 
available ftom commercial suppliers such as Aldrich Chemical Co., (Milwaukee, Wis.), Bachem 
(Torrance, Calif.), or Sigma (St Louis, Mo.) or are prepared by methods known to those skilled 
25 in the art following procedures set fordi in refeences such as Fieser and Fieser's Reagents for 
Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd's Chemistry of Carbon 
Compounds, Volumes 1-5 and Siq)plementals (Elsevier Science Publishers, 1989); Organic 
Reactions, Volumes 1-40 (John Wiley and Sons, 1991), March's Advanced Organic Chemistry, 
(John Wiley and Sons, 4th Edition) and Larock's Comprehensive Organic Transformations 
30 (VCH Publishers Inc., 1989). These schemes are merely illustrative of some methods by which 
the compounds of this invention can be synthesized, and various modifications to these schemes 
can be made and will be suggested to one skiUed in the art having referred to this disclosure. 

TTie starting materials and flie intermediates of the reaction may be isolated and purified 
if desfred using conventional techniques, including but not limited to filtration, distillation. 
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ciystallizatioii, chromatography and the like. Such materials may be characterized using 
conventional means, including physical constants and spectral data. 
Unless specified to tiie contrary, the reactions described herein take place at atmospheric 
pressure over a temperature range jfrom about -78 to about 150 °C, more preferably from 
about 0 "C to about 125 "C and most preferably at about room (or ambient) temperature, e.g., 
about 20 °C. 

In the reactions described hereinafter it may be necessary to protect reactive fimctional 
groups, for example hydroxy, amino, imino, thio or carboxy groups, where these are desh-ed in 
the final product, to avoid their unwanted participation in the reactions. Conventional protecting 
groups may be used in accordance with standard practice, for examples see T.W. Greene and P. 
G. M. Wuts in "Protective Groups in Organic Chemistry" John Wiley and Sons, 1999. 

Compounds of Formula (la) where E is -C(R^)(R*)X' or -C(R''')(R^CN and R', R'», R^, 
R^ R"*, R^ R^% R* and R*^ are as defined in the Summary of the Invention can be prepared by 
proceeding as in the following Reaction Scheme 1 below. 



Compounds of Formula (la) can be prepared by reacting an amino acid of formula 3 
where R' is alkyl, with a thione of formula 1 to give a compound of formula 4. The reaction is 
carried out in the presence of a suitable coupling agent such as 2-chloro-l-methylpyridinium 
iodide (Y ong, Y. F, et. al, J. Org. Chem. 1997, 62, 1540), phosgene or triphosgene (Barton, D. 



Scheme 1 




2 
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H., et al., J. Chem. Soc. Perktn Tram. 1, 1982, 2085), alkyl halides (Brand, E and Brand, F. C, 
Org. Synth., 1955, 3, 440), or carbodiimide (Poss, M. A., et. al., Tet. Lett., 1992, 40, 5933). 

Alternatively, a compound of formula 4 is prepared by reacting a compound of formula 2 
with an amino acid of formula 3. The reaction is cairied out optionally in the presence of a base 
such as triethylamine. Suitable reaction conditions are Icnown to those skilled in the art and 
examples of such amine additions can be found in the art e.g., Haake, M., et. al.. Synthesis, 
1991, 9, 753; Dauwe. C, et al. Synthesis. 1995, 2, 171, Reid, et. al., Justus LiebigsAnn. Chem., 
1966, 97, 696; and Dean N. D., and Papadopoulos, E.P. J. Het. Chem., 1982, 19, 1 1 17, 

Compounds 1, 2 and 3 are commercially available or they can be prepared by methods 
well known in the art. For example, a compound of formula 1 where is phenyl, 4- 
methoxyphenyl, or 4-fluorophenyl and R* is as defined in the Summary of the invention can be 
readily prepared by reacting commercially available thiobenzamide, 4-fluorothiobenzamide and 
4-methoxythiobenzamide respectively, with R^'sOaL where L is a suitable leaving group such 
as halo, under conditions well known in the art (e.g., see U.S. Patent No. 6,136,844 the 
disclosure of which is incorporated herein by referenced in its entirety). For example, a 
compound of formula 1 where R^ is phenyl and R^^ is -SOaR^' can be prepared by reacting 
thiobenzamide with R^^SOaCl in the presence of a base such as triethylamine, pyridine, and the 
like and m a suitable organic solvent such as tetrahydrofuran, dioxane. dichloromethane. and the 
Uke. 

Compounds of formula 2 are either commerciaUy available or they can be prepared by 
methods known in the art. Some such methods are described in Francesconi, I., et. al., J. Med. 
Chem., 1999, 42, 2260; Kuizer, F., et. al.. Org. Synth. 1963, 645; and Futman, A. D,. U. S Patent 
No.3,984,410. For example, ethyl benzenesulfonyl formimidate can be prepared by methods 
described in H. Stetter, D. R Theisen. Chem Ber., 1969, 102, 1641-42 and Ortiz. J. A.. 
Arzneim.-Forsch./DrugRes, 1977, 47, 431-434. 

Amino acids of fonnula 3 such as esters of alanine, cysteine, aspartic acid, glutamic acid, 
phenylalanine, histidine, and lysine are commercially available. Others can be prepared by 
methods weU known in the art. Some such methods are described in PCT Applications 
Publication Nos. WO 00/55144, WO 01/19816. WO 02/20485, WO 03/029200. U.S. Provisional 
Application No. 60/422,337. U. S. Patent No. 6,353,017B1, 6,492,662B1. 353.017 Bl and 
6,525,036B1, the disclosures of which are incorporated herem by reference in their entirety. 

Hydrolysis of the ester group in 4, followed by reaction of the resulting acid with an 
amine of fonnula 5 where E is as defined m the Summaiy of the Invention provides a compound 
of Formula Ga). The reaction can be effected with an appropriate coupling agent (e.g.. 
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benzotriazol-l-yloxy-trispyrrolidinophosphonium hexafluorophosphate (PyBOP®), 
l-(3-dimethyIammopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), 0.(7-azaben2otrizol.l- 
yl)-l,l,3,3, tetra-methyluronium-hexafluorophosphate (EIATU), 0-benzotriazol-l-yl- 
W^'^'-tetramethyl-uronium hexafluorophosphate (HBTU), 1.3-<iicyclohexylcarbodiimide 
(DCC), or the like) and optionally an appropriate catalyst (e.g., l-hydroxybenzotriazole (HOBt). 
l-hydroxy-7-azabenzotriazole (HOAt). or the like) and non-nucleophiUc base (e.g.. 
triethylamine, AT-methylmorpholine, and the like, or any suitable combination thereof) at 
ambient temperature and requires 5 to 10 h to complete. Suitable reaction solvents include, but 
are not limited to, dimethylformamide, methylene chloride, and the like. 

Alternatively, the free acid of compound 4 can be converted to an acid haUde and then 
reacted with 5 to give a compound of Formula aa). The reacting is earned out in the presence of 
a base such as triethylamme, pyridine, and the like and in a suitable organic solvent such as 
tetrahydrofuran, dioxane, and the like. 

Compounds of formula 5 where E is ^rW can be prepared by methods disclosed in 
U.S. Patent Application Nos. 60/373.176. 09/525.507, and 10/035.783 the disclosures of which 
are incorporated herein by reference in their entirety. Compomids of fommla 5 i^ere E is - 
CR^-R'^-CN are either commereially available or they can be prepared by methods well known in 
the art. For example, ammoacetonitrile is commereiaUy available. Other nitriles can be 
prepared by methods disclosed in U.S. Patent Application No. 60/43 1 .354; PCT AppUcations 
Publication Nos. WO 01/19816. WO 02/20485. WO 03/029200. U. S. Patent Nos. 6,420 364B1 
6,353,017B1, 6,492,662B1, and 6,525,036B1, the disclosures of which are incoqK,rated herein ' 
by reference m then- entirety. 

A compomid of Fomula (la) can be converted to other compounds of Formula (la). For 
example, a compound of Formula (la) where E is -C(R')(rV» where R' is hydrogen and R« is 
hydroxy can be converted to other compounds of Fonnula (la) where E is -COR'» by oxidation 
of the hydroxy group. The oxidation reaction is carried out with an oxidizing agent (e g Dess- 
Martm Periodinane TEMP0^1each. or the like) in a suitable solvent (e.g.. methanol, water, or 
the like, or any suitable combination thereof) at ambient temperature and requires 16 to 24 h to 
complete. Additionally, as stated previously, a compound of Formula (la) where R^ is hydrogen 
can tautomerize to give a corresponding compound of Formula (lb) where R'^^ is hydrogen. 

Detailed descriptions for the synthesis of a compound of Formula aa) by the processes m 
Reaction Scheme 1 are set forth m the Example 1 below. 

Alternatively, a Fonnula aa) where E is -C(R^)(R«)x' or -C(R^'')(R«^)CN and R\ r'«. 
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R^ R*, R^ R'», R* and R*" are as defined in the Summary of the Invention can be prepared 
by proceeding as in the following Reaction Scheme 2 below. 

Scheme 2 
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Reaction of a compound of fonnula 6 where LG is a leaving group such as halo with an 
amino compound of formula 3 provides a compound of formula 4 which is then converted to a 
compound of Fonnula (la) as described above. The reaction is carried out by methods well 
10 known in the art. Some such methods are described in Dunn. A. D., Org. Prep. Proceed Int., 
1998, 30, 709; Lindstroem, S., et al.. Heterocycles, 1994, 38, 529; Katrizky, A. R., et. al.. 
Synthesis, 1990, 561; Hontz. A, C, et . al.. Org. Synth., 1963, IV, 383; and Stephen, H., J. 
Chem., Soc, 1957, 490. ' 

15 Alternatively, a compound of Formula (la) where E is -C(R^)(R'*)X* or -C(R^'0(R*^)CN 

and R^ R*, R', r'", r« and R«» are as defined in the Summary of the Invention can be 

prepared by proceedmg as in the following Reaction Scheme 3 below. 

Scheme 3 

7 aa) 
20 Reaction of a compound of formula 1, 2 or 6 with an amino compound of formula 7 

provides a compound of Formula (la). The reaction is carried out under the reaction conditions 
described in Scheme 1 above. Compounds of formula 7 can be prepared by reacting an amino 
acid of formula 3 (R' = H) with an amino-protected compound of fonnula 5 under the coupling 
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reaction conditions described above, followed by removal of the amino protecting group. 
Suitable amino protecting groups include, but are not limited to, tert-butoxycarbonyl, 
benzyloxycarbonyl, and the like. Alternatively, compound of formula 7 where E is -CR^''R<^CN 
can be prepared by reacting 5 with an amino amide of formula CR^'^l*''(CONH2)(NHa) followed 
by dehydration of the resulting amide with a suitable dehydratmg agent such as cyanuric 
chloride in dimethylformamide. 

Other methods that can be utilized for preparing compounds of Formula (la) and (lb) are 
described in PCX Application Publication Nos. WO 02/20485 and WO 03/029200, and U.S. 
Patent 6,420,364, the disclosures of which are incorporated herein by reference in their entirely. 
Additional Processes for Preparing Compounds of Fonnula (la) or (lb): 
A compound of Formula ga) or (lb) can be prepared as a phannaceuticaUy acceptable 
acid addition salt by reactmg the free base form of the compound with a phannaceutically 
acceptable morganic or organic acid. Alternatively, a phannaceutically acceptable base addition 
salt of a compound of Fonnula (la) or (lb) can be prepared by reacting flie fi«e acid fonn of the 
compound with a phannaceutically acceptable inorganic or organic base. Inorganic and organic 
acids and bases suitable for the preparation of the phannaceutically acceptable salts of 
compounds of Fonnula (Ibl) or (lb) are set forth in the definitions section of this Application. 
Alternatively, the salt fonns of the compounds of Fonnula Qsl) or (lb) can be prepared using 
salts of the starting materials or intermediates. 
20 The free acid or free base forms of the compounds of Fonnula (la) or (lb) can be 

prepared from the corresponding base addition salt or acid addition sah fonn. For example, a 
compound of Fonnula (la) or (lb) in an acid addition salt fonn can be converted to the 
corresponding free base by treating with a suitable base (e.g., ammonium hydroxide solution, 
sodium hydroxide, and the like). A compound of Fonnula (la) or (lb) in a base addition salt 
25 fonn can be converted to the conesponding free acid by treating with a suitable acid (e.g.. 
hydrochloric acid, etc). 

TheiV^oxides of compounds of Fonnula (la) or (lb) can be prepared by methods known 
to those of ordinary skUl in the art. For example, JV-oxides can be prepared by treating an 
unoxidized fonn of the compound of Fonnula (la) or (lb) with an oxidizmg agent (e.g., 
30 trifluoroperacetic acid, pennaleic acid, perbenzoic acid, peraoetic acid, 

meto-chloroperoxybenzoic acid, or the like) in a suitable inert organic solvent (e.g., a 
halogenated hydrocarbon such as dichloromethane) at approxunately 0°C. Alternatively, the 
JST^xides of the compounds of Fonnula (la) or (lb) can be prepared from the iV-oxide of In 
appropriate starting material. 
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Compounds of Formula (la) or (lb) in unoxidized fonn can be prepared from iV-oxides of 
compounds of Formula (la) or (lb) by treating with a reducing agent (e.g., sulfur, sulfur dioxide, 
triphenyl phosphine, lithium borohydride, sodium borohydride, phosphorus trichloride, 
tribromide, or the like) in an suitable inert organic solvent (e.g., acetonitrile, ethanol, aqueous 
5 dioxane, or the like) at 0 to 80°C. 

Prodrug derivatives of the compounds of Formula (la) or (lb) can be prepared by 
methods known to those of ordinary skill in the art (e.g., for further details see Sauhiier et 
a/.(1994), Bioorganic and Medicinal Chemistry Letters, Vol. 4, p. 1985). For example, 
appropriate prodrugs can be prepared by reactmg a non-derivatized compound of Formula (la) 

10 or (Lb) with a suitable carbamylating agent (e.g., 1,1-acyloxyalkylcarbonochloridate, 
/7arar-nitrophenyl carbonate, or the like). 

Protected derivatives of the compounds of Formula (Jei) or (lb) can be made by means 
known to those of ordinary skill in the art. A detailed description of the techniques appUcable to 
the creation of protecting groups and then- removal can be found in T.W. Greene, Protecting 

1 5 Grotq>s in Organic Synthesis, 3"* edition, John WUey & Sons, Inc. 1999. 

Compounds of the present invention may be conveniently prepared, or fonned during the 
process of the invention, as solvates (e.g. hydrates). Hydrates of compounds of the present 
invention may be conveniently prepared by recrystallisation from an aqueous/organic solvent 
mixture, using organic solvents such as dioxin, tetrahydrofuran or methanol. 

20 Compounds of Formula (la) or (lb) can be prepared as their individual stereoisomers by 

reacting a racemic mixture of the compound with an opticaUy active resolving agent to form a 
pair of diastereoisomeric compounds, separating the diasteiwmers and recovering the optically 
pure enantiomer. While resolution ofenantiomers can be carried out using covalent 
diasteromeric derivatives of compounds of Formula aa) or (lb), dissociable complexes are 

25 preferred (e.g., crystaUme diastereoisomeric salts). Diastereomers have distmct physical 

properties (e.g., melting pomts, boiling points, solubilities, reactivity, etc.) and can be readily 
separated by taking advantage of these dissimilarities. The diastereomers can be separated by 
chromatography or, preferably, by separation/resolution techniques based upon differences m 
solubUity. The optically pure enantiomer is then recovered, along with the resolving agent, by 

30 any practical means that would not result m racemization. A more detaUed description of the 
techniques applicable to the resolution of stereoisomers of compounds from their racemic 
mixture can be found in Jean Jacques Andre Collet, Samuel H. Wilen, Enantiomers, Racemates 
and Resolutions, John Wiley & Sons, Inc. (1981). 
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Pharmacology and Utility 
The compounds of the invention are selective inhibitors of cysteine proteases, in 
particular, cathepsin S, K, B, and/or F, and accordingly are useful for treating diseases in which 
cysteme protease activity contributes to the pathology and/or symptomatology of the disease. 
5 For example, the compounds of the invention are useful in treating autoimmune disorders, 
includmg, but not limited to, juvenile onset diabetes, psoriasis, multiple sclerosis, pemphigus 
vulgaris, Graves' disease, myasthenia gravis, systemic lupus erythemotasus, rheumatoid arthritis 
and Hashimoto's thyroiditis, allergic disorders, including, but not limited to, asthma, allogeneic 
immune responses, including, but not limited to. organ transplants or tissue grafts and 
10 endometriosis. 

Cathepsin S is also implicated in disorders involving excessive elastolysis, such as 
chronic obstructive puhnonary disease (e.g., emphysema), bronchiolitis, excessive airway 
elastolysis in asthma and bronchitis, pneumonities and cardiovascular disease such as plaque 
rupture and atheroma. Cathepsin S is unplicated in fibril fonnation and, therefore, mhibitors of 

1 5 cathepsins S are of use in treatment of systemic amyloidosis. 

The cysteme protease mhibitory activities of the compounds of the invention can be 
determined by methods known to those of ordinary skill m the art. Suitable in vitro assays for 
measuring protease activity and the mhibition thereof by test compounds are known. Typically, 
the assay measures protease-induced hydrolysis of a peptide-based substrate. Details of assays 

20 for measuring protease inhibitory activity are set forth in Biological Examples 1-5, infra. 

Administration and Pharmaceutical Compositions 
In general, compounds of Formula (la) or (lb) will be admmistered in therapeutically 
effective amounts via any of the usual and acceptable modes known in the art, either singly or in 

25 combination with one or more therapeutic agents. A therapeutically effective amount may vary 
widely depending on the severity of the disease, the age and relative health of the subject, the 
potency of the compound used and other fectors. For example, therapeutically effective 
amounts of a compound of Formula Qs) or (lb) may range fiom about 10 micrograms per 
kilogram body weigjit (Mg/kg) per day to about 20 milligram per kUogram body weight (mg/kg) 

30 per day, typically from about 100 ^ig^g/day to about 10 mg/kg/day. Therefore, a therapeutically 
effective amount for a 80 kg human patient may range from about 1 mg/day to about 1.6 g/day, 
typically from about 1 mg/day to about 100 mg/day. In general, one of oidinaiy skill in the art, 
actuig in reliance upon personal knowledge and the disclosure of this Application, will be able 
to ascertain a therapeutically effective amount of a compound of Formula aa) or (lb) for treating 
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a given disease. 

The compoimds of Formula Qa) or (lb) can be administered as phannaceutical 
compositions by one of the following routes: oral, systemic (e.g., transdermal, intranasal or by 
suppository) or parenteral (e.g., intramuscular, intravenous or subcutaneous). Compositions can 
take the form of tablets, pills, capsules, semisolids, powders, sustained release formulations, 
solutions, suspensions, elixirs, aerosols, or any other appropriate composition and are comprised 
of, in general, a compound of Formula (la) or (lb) in combination with at least one 
pharmaceutically acceptable excipient. Acceptable excipients are non-toxic, aid administration, 
and do not adversely affect the therapeutic benefit of the active ingredient. Such excipient may 
be any solid, liquid, semisolid or, in the case of an aerosol composition, gaseous excipient that is 
generally available to one of skill in the art. 

Solid pharmaceutical excipients include starch, cellulose, talc, glucose, lactose, sucrose, 
gelatin, malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate, glycerol 
monostearate, sodium chloride, dried skim milk, and the like. Liquid and semisolid excipients 
may be selected from water, ethanol. glycerol, propylene glycol and various oils, including those 
of petroleum, animal, vegetable or synthetic origin (e.g., peanut oil, soybean oil, mineral oil. 
sesame oU, and the like). Preferred liquid carriers, particularly for injectable solutions, include 
water, saline, aqUeous dextrose and glycols. 

The amount of a compound of Formula (La) or (lb) in the composition may vary widely 
dependmg upon the type of formulation, size of a unit dosage, kind of excipients and other 
factors known to those of skill m the art of pharmaceutical sciences. In general, a composition 
of a compound of Formula (la) or (lb) for treatuig a given disease wiU comprise fiom 0.01%w to 
10%w, preferably 0.3%w to l%w. of active mgredient with the remainder being the excipient or 
excipients. Preferably the pharmaceutical composition is administered in a single unit dosage 
25 form for continuous treatment or in a single unit dosage form ad libitum when reUef of 

symptoms is specifically required. Representative phannaceutical fomiulations containing a 
compound of Formula (la) or (lb) are described in Example 1 below. 
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Examples 

The present invention is further exemplified, but not limited by. the following examples 
that aiustrate the preparation of compounds of Formula (la) or (lb) (Examples) and 
uitermediates (References) accordmg to the invention. 

General Procedures 
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Example A 



Synthesis of 2(iaS)-benzyloxycarbonylamino-4(iiS)-(2-methoxyphenyl)pentanoic acid 



To </./-2-methoxy-a-methylbeiizyl alcohol (0.5 g, 3.29 mmol) was added 48% aq. HBr (2 
mL) and the reaction mixture was stured rapidly for 1.5 h. The reaction mixture was diluted 
with hexane (30 mL), washed with water, dried with MgS04. filtered, and evaporated under 
vacuum. The crude d,l-2-methoxy-a-methylbenzyl bromide was added to a solution of 
tributyltin hydride (0.67 mL, 2.49 mmol), Z-dehydroalanine methyl ester (0.25 g, 1.06 mmol), 
and 2,2'-azobisisobutyronitrile (15 mg, 0.09 mmol) in benzene (5 mL). The reaction mixture 
was heated at 80 under a nitrogen atmosphere for 5 h. Benzene was removed under vacuum 
and the residue was dissolved in methanol (20 mL). 2N KOH (5 mL) was added and the 
mixture was rapidly stirred at room temperature over night. Methanol was removed imder 
vacuum and the residue was diluted with water (20 mL). The aqueous solution was washed witii 
ether to remove the tin by- products. The aqueous layer was acidified with 6 N HCl (aq.) and 
the product was extracted with ethyl acetate. The combined organic layers were washed with 
brine, dried with MgS04, filtered, and evaporated under vacuum to give 2-benzyloxy- 
carbonylammo-4-(2-methoxyphenyl)pentanoic acid (190 mg, 0.53 mmol) as a mixture of 
diastereomers in sufiQciently pure form to be used without fiirther purification. MS: (M*+H) 
358, (M*"-H) 356. 

Following the procedure described above, and utilizing ^propriate starting materials the 
following amino acids were prepared: 

2(/?5)-benzyloxycarbonylamino-4(i2S)-(2-methojcyphenyl)hexanoicacid; 

2(i?5)-benzyloxy-carbonylamino-4(i?S)-(4-fluorophenyl)pentanoicacid; 

2(/?iS)-benzyloxycarbonylamino-4(i?S)-(4-chlorophenyl)pentanoicacid; 

2(i?.S)-benzyloxycarbonylamino-4(i2S)-(4-methoxyphenyl)pentanoicacid; 

2(i?5)-benzyloxycarbonylamino-4(i?S)-(2-trifluoromethyIphenyl)pentanoicacid; 

2(;?5)-benzyloxycarbonylamino-4(i8S)-(3-trifluoromethylphenyl)pentanoicacid; 

2(i2S)-ben2yloxycarbonylamino-4(i8S)-(napfli-l-yl)pentanoicacid; 
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2(i?5)-benzyloxycarbonylamino-4(i?5)-(2,6-dime1hyIphenyl)pentanoicacid; 
2(i?5)-benzyloxycarbonylamino-4(i?S)-(2,4-difluorophenyl)pentanoicacid; 
2(/?5)-benzyloxycarbonyIammo-4(i£S)<2,4-dimethylphenyI)pentanoicacid; 
2(i?5)-beiizyloxycarbonylamino.4(J&y)<2,5-dimethylphenyl)pentanoic acid; and 
2(i?5)-ben2yloxycarbonylainino-4(iaS)-(2,4-dichlorophenyl)pentanoicacid. 
The benzyloxycarbonyl group can be removed as described in Example C below to give 
the corresponding jfree amino acid. 



Example B 
Synthesis of 2(5)-2,6-difluorophenylaIanine 




Step 1 

iV-(Benzyloxycarbonyl)-a-phosphonoglycine trimethyl ester (AldrichNo. 37,635-3; 6.7 
g, 20 mmol) and l,8-diazabicyclo[5.4,0]undec-7-ene (Aldrich No.l3, 900-9; 3.3 mL, 22 mmol) 
were dissolved m methylene chloride (1 1 mL) and stirred at room temperature for 1 5 min.. and 
then cooled to < -30 °C. A solution of 2.6-difluoiDbenzaldehyde (1 .9 mL, 20 mmol) in 
methylene chloride (25 mL) was added to the reaction mixture dropwise over 20 min. The 
reaction mixture was stkred for another 20 min., and then allowed to warm up to room 
temperature for 30 min. The reaction nuxture was then poured into ethyl ether (300 mL) and 
washed with 1 N HCl, brine and dried over MgSO*. Rotaiy evaporation gave 2- 
benzyloxycarbonylamino-3-(2,6-difluorophenyl)aciylic acid methyl ester. This crude product 
was purified by chromatography on a Medium Pressure Liquid Column (MPLC) eluting with 
20% ethyl acetate/ 80% hexane to give pure product (5 g, 72% yield, liquid). 
Step 2 

A mixture of 2-ben2yioxycarbonylamino-3-(2,6-difluorophenyl)acrylic acid methyl ester 
(14.4 mmol), and catalyst, (+)-!, 2-bis-[(25, 55)2, 5-diethylphopholano]benzene 
(cyclooctadiene)rhodium (1) trifluoromethanesulfonate (Strem. Chemical No. 45-0151; 104 mg, 
O.Mmmol) was dissolved in ethanol (150 mL). Hydrogenation was performed at 50 psi at ' 
room temperature over 2 days. The solvent was then removed by rotaiy evaporation to give 
2(5)-benzyloxycarbonylamino-3-(2,6-difluorophenyl)propionic acid methyl ester. 



39 



wo 2004/108661 PCT/US2004/017654 
Stqp3 

2(5)-Benzyloxycarbonylamino-3-(2,6-difluorophenyl)propionic acid methyl ester (5 g, 

14.4 mmol) was dissolved in methanol (60 mL) and cooled on ice. 1 N NaOH (22 mL, 22 

mmol) was added dropwise over 15 min. The reaction mixture was removed from cooling and 

5 continue stirring at room temperature for 4 h. The solvent was then removed by rotary 

evaporation. The residue was treated with water (100 mL) and then with 1 N HCl to adjust the 

pH to 4. The product was extracted with ethyl acetate (300 mL, 200 mL). Evaporation of the 

solvent and crystallization of the residue from methylene chloride/hexane gave 2(,S)- 

benzyloxycarbonylammo-3-(2,6-difluoro-phenyl)propionic acid (4.6 g, 13.7 mmol, 94% yield). 
10 Step 4 

2(5)-Benzyloxycarbonylamino-3-(2,6-difluorophenyl)-piopionic acid was hydrogenated 
at 50 psi in ethanol (25 mL) in the presence of 5% palladium on activated carbon (600 mg) for 
24 h. The catalyst was removed by filtration through celite and the solvent evaporated to give a 
residue which was crystalized from ethyl ether to give 2(5)-2,6-difluorophenyl^lanine (2.2 g, 11 
15 mmol, 80% yield). »H NMR (DMSO-ds): 8 7.28 (m, IH). 7.0 (t. ^ 7.6 Hz, 2H), 2.77 (m, 2H). 
MS: 2022 (M+1), 199.7(M-1). 

Example C 

Synthesis of 2(J6S)-amino-4(/as>6,6-trimethylheptanoic acid 




20 HaN XOOH 

Step 1 

To a mfarture of the 3,5,5-trunethylhexanal (17.4 mL. 0.10 mol), ammonium chloride 
(53.5 g, 0.205 mol) and diethyl ether (113 mL) was added sodium cyanide (7.35 g, 0.15 mol) m 
water (38 mL). The reaction mfarture was allowed to stir vigorously for 16 h. The layers were 

25 separated. The aqueous layer was extracted with diethyl ether. The combined organic layer was 
then extracted with 1 N HCl. Saturated sodium bicarbonate was then added until l-cyano-3,5,5- 
trimethyl-hexylamine was completely precipitated. Vacuum filtration and washmg with 5 mL 
ice cold water followed by lyopMlization gave l-cyano.3,5,5-trimethyIhexylamine (5.805 g, 
0.034 mol, 34.5%) as a white soUd. 

30 Step 2 

l-Cyano-3,5,5-trimethylhexylamine (1.02 g, 5.0 nunol) was treated with 6N HCl (10 
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mL) and heated at reflux for 30 h. The reaction mixture was allowed to cool to room 
temperature. Water (50 mL) was added, and the mixture was washed with diethyl ether. The 
aqueous layer was basified to pH 8.5 with 2 M KOH. A white precipitate formed which was 
coUected by vacuum filtration to give 2(i?S)-amino-4(i?S),6,6-trmiethyl-heptanoic acid (364 mg). 

Example D 

Synthesis of 2(/2S)-amino-4-methyl-4-phenylpentanoic acid 




Step 1 

4-Methyl-4-phenyl-l-pentene was prepared by reacting 2-phenyl-2-propanol wilfa 3- 
(trimethylsilyl)propene by the method of CeUa, J. Org. Chem.. 1982, 47, 2125-2130. 
Step 2 

4-Methyl-4-phenyl-l-pentene was ozonolyzed at -78 °C m dichloromethane followed by 
dunethyl sulfide quenchmg to give crude product which was purified by silica gel 
chromatography to give 3-methyl-3-phenylbutanal which was then converted to the title 
compound by proceeding as described in Example D above. 



Reference E 

Synthesis of 2(/2)-/erf-butoxycarbonylamino-3-cyclopropyhnethanesulfonylpropionic acid 




Step 1 

Sodium hydroxide (2.16 g, 54 mmol) was dissolved m water (27 mL) and the solution 
added to a suspension of (i2)-2-/erf-butoxycarbonyIammo-3-mercaptopropionic acid (8.2 g, 37 
mmol) in methanol (54 mL). After a clear solution had formed bromomethyl-cyclopropane (5 g, 
37 mmol) was added and the resulting reaction mixture stirred for three days. Methanol was 
removed under reduced pressure. The residue was treated with IM hydrochloric acid (200 mL) 
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and then extracted with dichloromethane. The combined organic phases were washed with brine 
and dried with magnesium sulfete. The solvent was evaporated under reduced pressure to give 

2-tert-butoxycarbonylamino-3-cyclopropylmethylsulfanyl-propionic acid (7.94 g). 
Step 2 

Sodium hydroxide (2.32 g, 58 mmol) was dissolved in water (27 mL). 2-te/-/- 
Butoxycarbonylamino-3-cyclopropyhnethylsulfanyl-propionic acid (7.94 g, 29 mmol) was 
added. A solution of Oxone™ in water (100 mL) was added slowly. The pH was adjusted to 3 
by addition of sodium bicarbonate and the reaction mixture stirred for 30 minutes and extracted 
with ethyl acetate. The combined organic phases were washed with brine and dried with 
magnesium sulfate. The solvent was removed to yield 2(i?)-/erf-butoxycarbonylamino-3- 
cyclopropylmethanesulfonyl-propionic acid (4.64 g, 15 mmol, 31%). 

Example F 

Synthesis of 2(iaS)-benzyloxycarbonylammo-4-ethylhexanoic acid 




Step 1 

A mixture of 2-benzyloxycarbonylaminomalonic acid diethyl ester (Bladon, C. M. J. 
Chem. Soc. Perkin Trans. 1990. 1, 1151-1158) (1.237 g). iodo-2.ethylbutane (1.272 g) and 
Uthium hydroxide (0.287 g) in iV^methylpyrroHdone (8 mL) was stirred for 2 days at room 
temperature and then diluted with ice water. The aqueous solution was extracted with ether and 
the product purified by chromatography on silica gel to give 2-benzyloxycarbonylammo-2-(2- 
ethylbutyl)malonic acid diethyl ester (0.520 g). 
Step 2 

A solution of 2-benzyloxycarbonylamino.2-(2-ethylbutyl)malonic acid diethyl ester 
(0.520 g) in ethanol (5 mL) was treated with sodium hydroxide (2.91 mL. 1 N) and then stitred 
at room temperature for 8 h. The reaction mixture was diluted with water and acidified with 
HCl and the product was then extracted with elhyl acetate to give 2-ben2yloxycarbonylamino.2. 
(2-ethylbulyl)malonic acid monoelhyl ester (0.461 g). 
Step 3 

2-Benzyloxycarbonylammo.2-(2-ethylbutyl)malonic acid monoethyl ester was heated at 
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75 *»C in ethanol (5 mL) with sodium hydroxide (5 mL, 1 N) for 3 h and 2-benzyloxycarbonyl- 
amino-2-(2-ethylbutyI)malonic acid was isolated by extraction of the acidified reaction mixture. 
2-Benzyloxycarbonylamino-2-(2-ethylbutyl)malonic acid was heated at 103 °C for 1 h and the 
resulting residue was purified by column chromatography on silica gel to give 2(iiS)- 
benzyloxycarbonylamino-4-ethylhexanoic acid (0.220 g). 

Example G 

Synthesis of 2(5)-benzyloxycarbonylamino-3-pyrazol-l-ylpropionic acid 

N-N 
O ^ 




The title compound was prepared by treating S'-benzyloxycarbonylserine-p-lactone with 
pyrazole in acetonitrile at 60 for 16 h (see J. Am. Chem. Soc, 1985, 107, 7105-7109). 

Following the procedure described above, but substituting pyrazole with 1,2,4-triazole 
and 1,2,3-triazole provided 2(5)-benzyloxycarbonyIamino-3-[l,2,4]-tria2oH-ylpropionic acid 
15 and 2(5)-benzyloxycarbonylainmo-3-[l,2,3]-triazol-l-ylpropiomc acid respectively. 

Reference H 

Synthesis of 2(5)-berizyloxycarbonylamino-3-(l-me1hylcyclopentyl)-propionic acid 



20 Step 1 

1-MefhylcyclopentanoI (20 g, 0.2 mol) was added to hydrobromic acid (40 mL) at room 
temperature. After stirring for Ih, the solution was extracted with hexane and the hexane was 
washed with brme and dried with magnesium sulfate. After concentration of the organic layer, 
20.5 g of 1-methylcyclopentyl bromide was obtained. 
25 Step 2 

Tributyltm hydride (37.8 g, 130 mmol) was added at reflux to a 500 ml of flask charged 
with benzene (200 mL) was added Z-dehydro-Ala-OH (15 g, 64 mmol), 1- 
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methylcyclopentanylbromide (20.5 g) and ATON (1.9g). After 2 h. the solvent was removed and 
the residue was purified by column chromatograph to yield 7.9g of 2-ben2yloxycarbonylamino- 
3-(l-mefliyl<^clopentyl)-propionic acid methyl ester. 
Steps 

2-Benzyloxycarbonylamino-3-(l-methylcycIopentyl)-propionic acid methyl ester (7.6 g. 
23.8 mmol) was dissolved in a mixture of acetonitrile (82 mL) and 0.2 M aqueous NaHCQs (158 
mL) and Alcalase 2.4L (l.lmL) was added and the reaction mixture wa stiired vigon>usly for 8 
h. The reaction mixture was then evaporated at 30 °C to remove acetonitrile, and the aqueous 
residue was washed with ether. The ethereal layer was concentrated to yield 1.9g of 2(/?)- 
benzyloxycarbonyIammo-3-(l-methylcyclopentyl).propionic acid methyl ester. Tlxe aqueous 
phase was filtered with Celite. the pH was adjusted to 3 with 6 N HCl, and the solution was 
extracted with ethylacetate. The ethyl acetate layer was dried and evaporated to yield 1.4g of 
2(5).benzyloxycarbonylamino-3-(l-methylcyclopentyl)propionicacid. 

Example I 

Synthesis of 2(5)<te/*-butoxycarbonyl)amino-Hoxazolo[4.5-6]pyridin-2-y^^^^ 




HNBoc 



Step 1 

A mixture of 2-amino-3-hydroxypyridine (1 1 g. 100 mmol). triethylorthofomiate (80 
mL) and p-toluenesulfonic acid (61 mg) was heated at 140 °C for 8 h. Excess 
triethylorthoformate was removed under vacuum and oxa2olo[4.5-6]pyridine was ctystalized 
fi-om ethyl ac^te (9 g). 
Step 2 

In a roundbottom flask equipped with stir bar was placed oxazolo[4,5-6]pyridine (600 
mg, 5 mmol) in THF (30 mL) and the reaction mixture was cooled to 0 °C under Nj 
atomosphere. Isopropylmagnesium chloride (2 M m THF, 2.5 mL, 5 mmol ) was added. After 
stirring for 1 h at 0 "C, (5)-2-( ter/.butoxycarbonyl)ammobutyraldehyde (573 mg. 3 mmol) m 
THF (20 mL) was added. The ice bath was removed and the reaction mixture was allowed to 
warm to room temperature. After 2 h, the reaction mixture was quenched with saturated 
ammonium chloride solution and concentrated to dryness. The residue was extracted with 
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EtOAc, then washed with brine, dried with anhyd. MgS04, filtered and concentrated. The crude 
product was purified by chromatograph to yield 383 mg of the desired compound. 

NMR (DMSO-d,): 8 8.42 (m. IH). 8.18 (m, IH), 7.3(m, IH). 6.8- 6.6 (dd. d, IH, OH, 
diastereomer), 6.3- 6.02 (d, d, IH, NH, diastereomer), 4.82- 4.5 (m,m. IH. diastereomer), 1.8- 
5 1.3 (m, 2H), 1.2-1.05 (s,s, 9H, diastereomer), 0.89 (m, 3H). MS: 306.2 (M-1), 308.6 (M+1). 

Example J 

Synthesis of 2(5)-tert-butoxycarbonylamino-3-thiazol-2-ylpropionic acid 

10 ^O-^hj-^COaH 

To 2-tert-butoxycarbonylamino-3-thiazol-2-yl-propionic acid methyl ester (500 mg, 1.75 
mmol) in a mixture of acetonitrile (6 mL) and 0.2 M aqueous NaHCOs (12 mL) was added 
Alcalase (2.4 L, 0.08 mL), and the solution was stirred vigorously at room temperature for about 
2.5 h. The reaction mfacture was then evaporated at 30 "C to remove acetonitrile, and the aqueous 
15 residue was washed with ether. The aqueous phase was acidified with 6 N HCl to pH 3 and the 
solution was extracted with ethyl acetate. The combined organic layers were then dried and 
evaporated to yield 2(5)-ter/-butoxycarbonylamino-3-thiazol-2-yl-propionic acid (204 mg). 

Reference K 

20 Synthesis of 4(5)-amino-2,2-difluoro-3-hydroxyhexanoic acid dimethylamide 



25 




Activated zmc dust (2.16 g, 33 mmol) was suspended in dry THF (2 mL). A mixture of 
ethyl bromodifluoro acetate (6.5 g, 32 mmol) and (lS)-(l-fonnylpropyl) oarbamic acid te/t-butyl 
ester (2 g, 10.7 mmol), in THF (10 mL). was added over 20 mm while the reaction mfadure was 
sonicated. After complete addition, sonication was continued for a further 30 min. The reaction 
mixturewas then diluted with ethyl acetate (200 mL) and washed with IN aqueous KHSO4. 
brine, dried with magnesium sulfete and evaporated. The crude product was dissolved in 
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ethanol (15 mL) and a solution of dim^ylamine (40% in water; 2 mL) was added. After 
stirring for 16 h at ambient temperature, the solvents were evaporated and the product was 
purified by flash chromatography on silica gel (hexane/ethyl acetate ratio of 3:1) to yield 200 mg 
4(5)-i?oc-amino-2,2-difluoro-3-hydroxy-hexanoic acid dimethylamide of colorless oil which 
5 was dissolved in a mbcture of TFA/dichloromethane (1 : 1 ; 6 mL). stirred for 1 h and evaporated 
to dryness. The product, 4(5)-amino-2,2-difluoro-3-hydroxyhexanoic acid dimethylamide, was 
obtained as the TFA salt and used without further purification. 

Reference L 

1 0 Synthesis of 3(5)-amino-2-hydroxypentanoic acid bensylamide 



OH 

Step 1 

(15)-(2-Cyano-l-ethyl-2-hydroxyethyl)carbamic acid tert-hutyl ester (10 g, 46.7 mmol) 
15 was dissolved in 1,4-dioxane (100 mL). Anisole (5 mL) was added and then concentrated HCl 
(100 mL). The reaction mixture was heated under reflux for 24 h. The reaction mixturewas 
evaporated to dryness under vacuum and re-dissolved in 100 mL water. The solution was 
washed with ether and then neutralized with saturated aqueous NaHCOa. Di-ter/-butyl 
dicarbonate (10 g, 46 mmol) was added with 1,4-dioxane (200 mL), and the reaction mixturewas 
20 stirred at ambient temperature for 24 h. The dioxane was removed under vacuum and the 
remaining aqueous solution was washed with ether. The solution was acidified with IN HCl 
and extracted with ethyl acetate. The combined organic layers were washed witii brine, dried 
with magnesium sulfate and evaporated to yield 3-ter/-but030'carbonylamino-2- 
hydroxypentanoic acid (4.5 g) as yellowish oil. 
25 Step 2 

3-/ej-/-Butoxycarbonylamino-2-hydroxypentanoic acid (300 mg, 1.2 9nunol) was 
combined with EDC (400 mg, 2. 1 mmol) and HOBt (400 mg, 2.6 mmol). A solution of 
benzylamine (0.22 mL) and 4-methyImorpholine (0.5 mL) in dichlorometfiane (4 mL) was 
added m one portion. The reaction mixturewas stirred at ambient temperature for 2 h. Afler 
30 dilution witii ethyl acetate (1 50 mL), the solution was washed with 1 N aqueous HCl, water, 
saturated aqueous NaHCOj solution and brine. Hie resultant nuxture was dried with 
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magnesium sulfete and evaporated under vacuum to yield 3(5)-amino-2-hydroxy-pentanoic acid 
benzylamide (380 mg) as a white solid. 
Step 3 

3(,S)-Amino-2-hydroxypentanoic acid benzylamide was dissolved in a mixture of 
TFA/dichloromethane (1:1; 6 mL), stirred for 1 h and evaporated to dryness to give 3(5)-amino- 
2-hydroxypentanoic acid benzylamide was obtained as tlie TFA salt and used without further 
purification. 

Reference M 

Synthesis of 2(5)-amino-l-(3-phenyl-[1.2.4]oxadiazol-5-yl)butan-l-ol 



OH 

o 

3-/er/-Butoxycarbonylamino-2-hydroxy-pentanoic acid (500 mg, 2.14 mmol) was 
15 combined with EDC (600 mg, 3.14 mmol), HOBt (600 mg, 3.92 mmol), and JST-hydroxy- 
benzamidine (292 mg, 2.14 nunol). Dichloromethane (10 mL) was added and then 4- 
methyhnoipholine (1 mL). The reaction mixture was stirred at ambient temperature for 16 h. 
After dilution with ethyl acetate (200 mL), the solution was washed with water (30 mL), 
saturated aqueous NaHCOs solution and brine, dried with MgS04 and evaporated under 
20 vacuum. The crude product was dissolved m pyridine (10 mL) and heated at 80 °C for 15 h. 
The pyridine was evaporated under vacuum and the residue was purified by flash 
chromatography on siUca gel (eluent: ethyl acetate) to yield 2(5)-tert-butoxycarbonylamino-l- 
(3-phenyl-[1.2.4]oxadiazol.5-yl)butan.lK)l (290 mg, 0.83 mmol). 2(5)-/er^butoxycarbonyl- 
ammo-l-(3-phenyl-[1.2.4]oxadia2ol-5-yl)butan-l-ol (145 mg, 0.41mmol) was dissolved in 
25 CH2CI2 (4 mL) and TFA (4 mL) was added. After stirring for 1 h, the reaction mixture was 
evaporated to dryness to yield 2(5)-amino-l-(3-phenyl-[1.2.4]oxadia2ol-5-yl)-butan-l-ol. 

Reference N 

Synthesis of 2(5)-amino-l-(2-phenyl-[l,3]dithian-2-yI)hexan-l-oI 

30 
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NH2 



Step 1 



2-Phenyl-l,3-dithiane (Aldrich) (3.79 g; 19.3 mmol) was mixed with dry distilled THF 
(20 mL) under a nitrogen atmosphere. The solution was cooled to -60 "C and «-buty lithium 

5 (1 .6M in pentane, 1 .56 mmol, 9.74 mL) was added slowly by syringe. The reaction mixture was 
warmed to -20 "C and held at that temperature for 30 min., and then held at -10 "C for 1 5 min. 
The yellow solution was cooled to -78 and (l-formylpentyl)cari)amic acid tert-butyl ester 
(1.6 g, 1.4 mmol, in 5 mL THF) was added rapidly (over 20 seconds) and 60 seconds later a 
mixture of 2 mL acetic acid and 5 mL THF was added rapidly. After warming to 23 "C the 

10 solution was concentrated at reduced pressure. Excess 2-phenyl-l,3-difluane was removed by its 
crystallization away from the desu^ product using a mmimum of ethyl acetate in hexane. The 
mother liquors were concentrated and chromatographed using a hexane-elhyl acetate gradient to 
afford {l-[hydroxy-(2-phenyl-[l,3]dithian-2-yl)methyl]pentyl}carbamic acid tert-hxxtyl ester. 
(1.7 g, 56% yield). 



To {l-[hydroxy-(2-phenyl-[l,3]dithian-2-yl)methyl]pentyl}carbamic acid fer/-butyl ester 
(608 mg, 1.47 mmol) in dioxane (2.7 mL) at 10 °C was added hydrochloric acid (2.7 mL, 4 M in 
dioxane). The solution was wanned to 23 °C. After 3 h, the solution was diluted with toluene 
(5 ml) and concentrated under reduced pressure. The gummy solid was washed with diethyl 
20 ether resultmg in the hydrochloride salt of 2(5)-amino-l-(2-phenyl-[l,3]dithian-2-yl)hexan-l-ol, 
(414 mg, 82%) as a free flowing solid after removal of excess etiber under reduced pressure. 



15 Step 2 



Reference O 

Synthesis of 3-amino-4-hydroxopynolidine-l-carboxylic acid tert-haty\ ester 



25 




6-Oxa-3-aza-bicycloi3.1.0]hexane-3-carboxylic acid tert-hxxtyl ester (12.1 g, 65.3 mmol) 
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was dissolved in a 8:1 methanolAvater mixture (108 mL). Ammonium chloride (15 g) and 
sodium azide (21.4 g, 329 mmol) was added and the reaction mixturewas heated at 60 °C 
overnight. After dilution with ether (500 mL). the reaction mixturewas washed with saturated 
aqueous NaHCOj (200 mL) and brme (200 mL). dried with MgS04 and evaporated under 
vacuum. The crude product was dissolved in methanol (200 mL). 10% Palladium on activated 
carbon (1.5 g) was added and the reaction mixturewas stirred at ambient temperature under a 
hydrogen atmosphere until TLC analysis showed the disappearance of the startmg material. The 
reaction mixture was filtered through a pad of CeUte and evaporated to dryness under vacuum. 
The product was purified by flash chromatography on silica gel using 5% methanol in ethyl 
acetate to 20% methanol, 3% triethylamine in ethyl acetate to give 4.3 g of 3-amino-4-hydioxy- 
pyrrolidine-l-carboxylic acid ter/-butyl ester as yellowish solid. 



Reference P 

Synthesis of 2-amino-2-methyl-l-oxazolo[4,5-b]pyridin-2-yl-propan-l-ol 



OH 

NHa 



Step 1 

2-Amino-2-methyl-l-propanol (17.8 g. 200 mmol) was dissolved in a mixture of water 
and dioxane (100 mL) and cooled to 0 "C. NaOH (8g, 200mmol) and di-t-butyl-dicarbonate 
(52.4 g. 240 mmol) were added and the reaction was allowed to wann to room temperature with 
stirring for 2 h. After removing the dioxane, the residue was extracted with EtOAc. washed with 
brine, dried with anhydrous MgS04, filtered and concentrated to yield 35g of 2-5oc-amino-2- 
methyl-l-propanol. 
Step 2 

A solution of oxalyl chloride (15.24 g, 120 mmol) in 200 mL of MeCb was stirred and 
cooled to -60 "C followed by the drop wise addition of dimethylsulfoxide (19.7 g, 252 mmol) in 
60ml of MeCl2. After 10 min, a solution of 2-£oc-amino-2-methyl-l-propanol (18.9 g, 100 
mmol) in MeClj (60 ml) was added drop wise at -70 The reaction mixture was allowed to 
warm to ^0 "C for 10 min followed by cooling to -70 »C before the addition of a solution of 
triethylamine (28.28 g, 280 mmol) in MeCk (60 mL). The reaction mixture was allowed to 
warm to room temperature over a two-hour period and 40 mL of saturated sodium dihydrogen 
phosphate was added. The organic layer was washed with brine and dried over MgS04. The 
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solvent was removed to yield 17.3 g of 2-5oc-amino-2-methylpropionaldehyde. 
Step 3 

A mixture of 2-amino-3-hydroxypyridine (11 g, 100 mmol), triethylorthoformate (80 
mL) and p-toluenesulfonic acid (61 mg) was heated at 140 "C for 8 h. Excess 
triethylorthoformate was removed under vacuum. The product was crystallized from ethyl 
acetate to yield 9g of l-oxazolo[4,5-b]pyridine. 
Step 4 

To a stirred solution of the l-oxazolo[4,5-b]pyridine (2.4 g, 20mmol) in THF (100 mL) 
was added n-BuLi (1 .6 M solution in 12.5 mL of hexane) drop wise under at -78 ^-C. After 1 
h, MgBr.Et20 (5.16 g, 20 mmol) was added and the reaction mixture was allowed to warm to - 
45 "C for 1 h before being treated with 2-^oc-amino-2-methylpropionaldehyde (2.24 g, 12 
mmol) m THF (20 mL). The reaction mixture was stirred for 1 h, quenched with saturated 
NH4CI, and extracted with ethyl acetate. The organic layer was washed with brine, dried with 
MgS04 and concentrated. The residue was purified by silica gel column chromatography to 
yield 2-£oc-amino-2-methyl-l-oxazolo[4,5-b]pyridin-2-yl -l-propanol (l.lSg). 
Step 5 

2-5oc-amino-2-methyl-l-oxazolo[4,5-b]pyridin-2-yl -l-propanol (156 mg, 0.508 mmol) 
and MeCl2 (5 mL) were mixed and TFA (0.5 mL) was added at room temperature. After stirring 
for 1 h, the solvent and excess TFA were removed under vacuum to produce 2-amino-2-methyl- 
l-oxazolo[4,5-b]pyridin-2-yl-propan-l-ol. TFA salt (165 mg). 

Reference Q 

Synthesis of 2(5)-amino-l-(5-methoxymethyl-[1.3.4]oxadiazol-2-yl)-butan-l-ol 



OH 

,NH2 




Step 1 

(5)-(+)-2-amino-l-butanol (50 g, 561 mmol) m a mixture of water and dioxane (200 mL 
:200 mL) was cooled to 0 °C and mixed with NaOH (26.9 g, 673 mmol) and di-tert-butyl- 
dicarbonate (146.96 g, 673 nunol). After the addition, the reaction was allowed to warm to 
room temperature. The reaction mixture was stiired for 2 h. After removing the dioxane, the 
residue was extracted with EtOAc, then washed with brme and dried with anhydrous MgS04, 
filtered and concentrated. Without fiirther purification, the crude 2(5)-fioc-amino-l-butanol 
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(120 g) was used for next Step reaction. 
Step 2 

A solution of oxalyl chloride (40.39 g, 265 mmol) in MeCU (700 mL) was stirred and 
cooled to -60 "C. Dimethylsuifoxide (51.7 g. 663 mmol) in MeCIj (100 mL) was added 
dropwise. After 10 min., a solution of 2(5)-Boc-amino-l-butanol (50 g, 265 mmol) in MeCla 
(100 mL) was added dropwise at -70 °C. The reaction mixture was allowed to warm to -40 °C 
for 10 min. and then cooled to -70 °C again. A solution of triethylamme (74.9 g, 742 mmol) in 
MeCl2 (100 mL) was added. The reaction mixture was allowed to warm to room temperature 
over 2 h. Saturated sodium dihydrogen phosphate (100 mL) was added, and then the organic 
layer was washed with brine and dried over MgS04. The solvent was removed to yield 45g of 
2(5)-5oc-aminobutyraldehyde. 
Step 3 

A mixture of methyl methoxyacetate (52 g, 500 mmol). hydrazine hydrate (30 mL) was 
heated to reflux for 8 h. Excess hydrazine and water were removed under vacuum. The residue 
was extracted with n-butanol, dried with Na2S04. Excess »-butanol was removed to yield 45g of 
hydrazide. 
Step 4 

A mixture of above hydrazide (45 g), triethylorthoformate (146 mL) and p- 
toluenesulfonic acid (61mg) was heated at 140 "C for 8 h. Excess triethylorthoformate was 
removed under vacuum. The product was purified by sUica gel column chromatography to yield 
4.6g of 2-metho3cymethyl-l,3,4-oxadiazole. 
Step 5 

To a sthred solution of 2-methoxymethyl-l,3,4-oxadia2ole (4.6 g, 40 mmol) m TEIF (100 
mL) was added «-BuLi (1 .6 M solution in 25.2 mL of hexane) dropwise under N2 at -78 "C. 
25 After 1 h. MgEr-EtaO (10.4 g, 40.3 mmol) was added and the reaction mixture was allowed to 
warm to -45 °C for 1 h before bemg treated with 2(5)-5oc-ammobutyralddiyde (5.28 g, 28.25 
mmol) in THF (20 mL). The reaction mixture was stured for 1 h, quenched with saturated 
NH4CI, and extracted with ethyl acetate. The organic layer was washed with brine, dried with 
MgS04 and concentrated. The residue was purified by sUica gel column chromatography to 

30 yield 2(5)-5oc-ammo-l-(5-methoxymethyl-[1.3.4]-oxadiazol-2-yl)-l.butanol (500 mg). 
Step 6 

2(5)-5oc-Ammo-l-(5-methoxymethyI-[1.3.4]-oxadiazol-2-yl)-l.butanol (500 mg. 1.66 
mmol), and CH2CI2 (5 mL) were mixed and TFA (0.5 mL) was added at room temperature. 
After sthrmg for 1 h, the solvent and excess TFA were removed under vacuum to produce 2(5)- 
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ammo-l-(5-methoxyme1iiyI-[1.3.4]oxadiazol-2-yl)-butan-l-ol. TFA salt (340 mg). 

Reference R 

Synthesis of 20S)-ainino-l-(5-phenyl-[l .3.4]oxadiazol-2-yl)butan-l-ol 




Step 1 

A mixture of tlie benzoic hydrazide (22.5 g, 165 mmol), triethylorthofoimate (150 mL) 
and p-toluenesulfonic acid (300 mg) was heated at 120 °C for 12 h. Excess triethylorthofonnate 
was removed under vacuum and the residue was purified by sUica gel column chiomatogmphy 
to produce 2-phenyl-[1.3.4]-oxadiazole (14.5 g). 
Step 2 

To a stirred solution of the 2-phenyl-[1.3.4]oxadiazoIe (10 g. 68.5 mmol) m THF (100 

mL) was added «-BuLi (1.6 M solution in 42.8 mL of hexane) dropwise under Na at -78 °C. 

After 1 h, MgBr.Et20 (17.69 g, 68.5 mmol) was added and the reaction mixture was allowed to 

warm to -45 °C for 1 h before being treated with (5)-2-5oc-aminobutyTaaldehyde (7.8 g, 41 

mmol) in TEIF (20 mL). The reaction mfarture was stirred for 1 h. quenched with saturated 

NH4CI, and extracted with ethyl acetate. The organic layer was washed with brine, dried with 

MgS04 and concentrated: The residue was purified by silica gel column chromatography to 

yield 2-(2(5)-5oc-amino-l-hydroxybutyl)-5-phenyl-[1.3.4]-oxadiazole (9.7g). 
Step 3 

2-(2(5)-5oc-ammo-l-hydroxybutyl).5-phenyH1.3.4]-oxadiazole (505 mg, 1. 5mmol) 
and CH2CI2 (5 mL) were mixed and TFA (1 mL) was added at room temperature. After stirring 
for 1 h, the solvent and excess TFA were removed under vacuum to produce 530 mg of 2(5)- 
amino-l-(5-phenyl-[1.3.4]oxadiazol-2-yl)-l-butanol TFA salt. 



Reference S 

Synthesis of 2(5)-amino-l-oxa2olo[4,5-b]pyridm-2-yl-butan-l-ol 
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Step 1 

. A mixture of 2-amino-3-hydroxypyridine (25 g, 227 mmol), triethylorthoformate (75 
mL) and p-toluenesulfonic acid (61 mg) was heated at 140 °C for 8 h. Excess 
triethylorfliofonnate was removed under vacuum. The product was crystallized firom ethyl 
5 acetate to yield 22.5 g of oxazolo[4,5-b]pyridine. 
Step 2 

To a stirred solution of the oxazolo[4,5-b]pyridine (12 g, 100 mmol) in THF (300 mL) 
was added n-BuLi (1.6 M solution in 62.5 mL of hexane) drop wise under N2 at -78 °C. After 1 
h, MgBr.EtaO (25.8 g, 100 mmol) was added and the reaction mixture was allowed to warm to - 

10 45 **C for 1 h before being treated with (5)-2-5oc-aminobutylaldehyde (1 1 .46 g, 60 mmol) in 
THF (50 mL). The reaction mixture was stirred for 1 h, quenched with saturated NH4CI, and 
extracted with ethyl acetate. The organic layer was washed with brine, dried with MgS04 and 
concentrated. The residue was purified by silica gel column chromatography to yield 2(5)-5oc- 
amino-l-(oxazolo[4,5-b]pyridin-2-yl)-l-butanol (14.1 g). 

15 Step 3 

2-i?oc(5)-Amino-l-(oxazolo[4,5-b]pyridin-2-yl)-l-butanol (311 mg, 1 mmol) and 
methylene chloride (5mL) were mixed and TFA (ImL) was added at room temperature. After 
stirring for 1 h, the solvent and excess TFA were removed under vacuum to produce 355 mg of 
2(S)-amino-l-oxazolo[4,5-b]pyridin-2-yl-butan-l-ol TFA salt. 



20 



Reference T 

Synthesis of 2(5)-amino-l-(5-pyridin-4-yl-[l 3.4]oxadiazol-2-yl)-butan-l-ol 




H J _ OH 




25 Step 1 

A mixture of the isonicotinic hydrazide (13.7 g, 100 nmiol), triethylorthofomiate (60 
mL) and p-toluenesulfonic acid (30 mg) was heated at 130 for 12 h. Excess 
triethylorthoformate was removed under vacuum. The crude was crystallized from ethyl acetate 
to give 14.8 g of 5-pyridin-4-yl-[1.3.4]oxadiazole. 
30 Step 2 

To a stirred solution of the 5-pyridin-4-yl-[1.3.4]oxadiazole (1 1.5 g, 78.2 mmol) in THF 
(300 mL) was added HMPA (5 ML) and «-BuLi (1.6 M solution in 48.9 mL of hexane) 
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dropwise under N2 at -78 «€. After 1 h, MgBnEtaO (20.2 g. 78.2 mmol) was added and the 
reaction mixture was aUowed to warm to ^5 "C for 1 h before being treated with 2-£oc-amino- 
butyraldehyde (9.7 g, 50.8 mmol) in THF (50mL). The reaction mixture was stirred for 1 h, 
quenched with saturated NH4CI, and extracted with ethyl acetate. The organic layer was washed 
with brine, dried with MgSO* and concentrated. The residue was purified with silica gel column 

chromatography to yield 2(5)-5oc-ammo-l-(5-pyridin-4-yl-[1.3.4]oxadiazol-2-yl)-butan-l.ol 
(3.5g). 

Step 3 

2(5)-5oc-amino-l-(5-pyridin-4-yl-[1.3.4]oxadiazol-2-yl)-butan-l-ol (334 mg, 1 mmol) 
and MeCl2 (5 mL) were mixed and TFA (0.5 mL) was added at room temperature. After stirring 
for 1 h, the solvent and excess TFA were removed under vacuum to produce 350 mg of 2(5)- 
amino-l-(5-pyridm-4-yl-[1.3.4]oxadiazol-2-yl)-butan-l-ol TFA salt. 




Reference U 

Synthesis of 2(5)-amino-l-(5-pyridin-3-yl-[1.3.4]oxadiazol-2-yl).butan-l-ol 

OH 

Step 1 

To a stirred solution of the 3-[1.3.4] oxadia2ol-2-yl.pyridme (5 g, 34 mmol) m THF (100 
mL) was added HMPA (5 mL) and n-BuLi (1 .6 M solution m hexane, 21 .25 mL) drop wise 
under N2 at -78 "C. Afl»r 1 h, MgBr.Et20 (8.77 g, 34 mmol) was added and the reaction 
mixture was allowed to warm to -45 "C for 1 h before being treated with 2(S)-Boc- 
aminobutyraldehyde (4.22 g. 22.1 mmol) m THF (20 mL). The reaction mixture was stirred for 
1 h, quenched with saturated NH4CI, and extracted with ethyl acetate. The organic layer was 
washed with brine, dried with MgS04 and concentrated. The residue was purified with silica gel 

column chromatography to yield 2(6)-5oc-amino-l-(5-pyridin-3-yl-[1.3.4]oxadiazol-2-yl)- 
butan-l-ol (1.5 ^. 
Step 2 

2(5)-Boc-Amino-l-(5-pyridm-3-yl-[1.3.4]oxadiazol-2-yl)-butan-l-ol (167 mg, 0.5 mmol) 
and MeCla (5 mL) were mixed and TFA (0.5 mL) was added at room temperature. After stirring 
for 1 h, the solvent and excess TFA were removed under vacuum to produce 180 mg of 2(5)-. 
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ammo-l-(5-pyridiii-3-yl-[1.3.4]oxadiazol-2-yl)-butan-l-ol TFA salt. 



Reference V 

Synthesis of 2(5)-amino-l-benzoxa2oI-2-ylbutan-l-ol hydrochloride 




Step 1 

To a solution of benzoxazole (28.6 g, 240 mmol) in toluene (150 mL) was added 
during ca 20 min., at about ^ °C a 2 M solution of isopropyl-magnesium chloride in THF (120 
mL, 240 mmol). The red-brown mixture was stored at ca -4°C and used as needed. 
10 Step 2 

To a solution of 2(5)-5oc-aminobutanol (50 g; 264 mmol) in dichloromethane (500 
mL) and water (350 mL) were added at 20° C TEMPO (0.01 eq), sodium bromide (1 eq) and 
sodium hydrogencarbonate (3 eq). The reaction mixture was stirred at 0° C and diluted bleach 
(1.3 eq, 450 mL) was added over 40 min. The reaction mixture was stirred for 30 min. at 0° C 
and then quenched with aq. thiosulfete. After decantation and extractions (dichloromethane), 
the organic phase was washed with brine, dried and concentrated in vacuo to dryness, giving 
2(5)-( terf-butoxycarbonyI)ammobutyraldehyde as a low-melting solid (38.1 g; yield: 77%). 
Step 3 

A solution of 2(5)-( /m-butoxycarbonyl)ammobutyraldehyde (30 g, 160 mmol) m 
20 toluene (150 mL) was added over 30 mm. at -5 ° C to a solution of Grignard reagent of 

benzoxazole (prepared as described in Step 1 above). The reaction mixture was stiired for 0.5 h 
at 0" C, then 2.5 h at RT. Quenching with 5% aq. acetic acid, washings with 5% aq. sodium 
carbonate, then brine and concentration to dryness gave crude 2(5)-( ter^-butoxycarbonyl)- 
amino-l-benzoxa2ol-2-yl-propan-l-ol. The residue was diluted with toluene, and silica gel was 
25 added. The slurry was filtered. Elution by toluene removed the non-polar impurities. Hien an 
8/2 mixture of toluene and ethyl acetate desorbed the 2(5)-(te?t-butoxycarbonyl)- 
amino- 1 -benzoxazol-2-ylpropan- 1 -ol. 
Step 4 

To a solution of 2(5)- (tert-butoxycarbonyl)ammo-l-benzoxazol-2-ylpropan-l-oI (26.3 
g. 86 mmol) in isopropanol (118 mL) at 20-25 °C was added trimethylchlorosilane (1.4 eq). The 
solution was stured for 5 h at 50'»C. Concentration of the reaction mixture to 52 mL followed by 
addition of isopropyl ether (210 mL), filtration and drying under vacuum afforded 
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2(5)-amino- l-benzoxazoI-2-yl-butan- 
%; mixture of diastereomers. 
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l-ol hydrochloride salt as a grey solid (16.4 g; yield = 79 



Reference W 

5 Synthesis of 4-amino-4-cyano-l -ethylpiperidine 

HaN^CN 

9 

A mixture of l-ethyl-4-piperidone (13.2 ml, 100 mmol), ammonium cUoride (21.4 g, 

10 400 mmol). sodium cyanide (19.6 g, 400 (mmol) and water (550 ml) was stirred at room 

temperature for 48 h. The pH of the reaction mixture was adjusted to 10.1 and the product was 
extracted with ethyl acetate. The organic extracts were washed with brine and dried over 
magnesium sulfete. Rotary evaporation of the solvent gave a mixture of 4-amino-4-cyano-l- 
ethyl pipeiazine and 4-hydroxy-4-cyano-l-ethyl piperazme (7.67 g). This mixture of products 

15 was treated with 7 M ammonia in methanol (20 ml) and aUowed to stand at room temperature 
for 24 h. The methanol and excess ammonia were removed in vacuo and the residue was cooled 
to give 4-amino-4-cyano-l-ethylpiperidine as a crystalline solid (7.762 g). 



Example 1 

Synthesis of J\r-cyanomethyl-25'-[(benzenesulfonylimmomethyl)amino]-3- 

cyclohexylpropionamide 
(tabe 2, cpd 1) 




Step 1 

A mixture of cyclohexyl alanme methyl ester hydrochloride (1.06 g, 5 mmol) m 
acetonitrile (25 mL) was cooled to 0 »C and iV^methyhnorpholine (0.55 mL) was added, A 
solution of ethyl benzenesulfonyl formimidate (1.06 g, 5 mmol) (prepared as described in 
30 Stetter, H. and Theisen, D. Chem Ber., 1969. 702. 1641-42; and Ortiz, J.A. Arzneim.- 
ForschJDrugRes, 1997, 47, 431-434) m acetonitrile (1.5 mL) was added to the reaction 
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mixture. After stirring for 20 h at room temperature the acetonitrile was removed by rotary 
evaporation at reduced pressure and the resuftmg residue was then chromatographed on flash 
siUca gel (250 mL), eluting whh methanol/me%lene chloride to give 2- 

[(benzenesulfonyliminomethyl)amino]-3.cyclohexyl-propionic acid methyl ester (1.227 g 70o/o) 
Step 2 

A solution of 2-[(ben2enesulfonyliminomethyI)amino]-3^yclohexyl-propionic acid 
methyl ester in methanol (100 mL) was cooled in an ice bath and then treated with aqueous 
potassium hydroxide (0.989 M. 3.5 mL) over 35 mm. The reaction mixture was stirred 75 mm 
at 0 »C and then the methanol was removed by rotary evaporation at room temperature. Water 
(20 mL) was added to the residue, the pH was adjusted to 5.4 and the product was extracted with 
ethyl acetate to give after drying 2-[(benzenesulfonylhnmo-methyl)amino].3-cyclohexyl- 
propionic acid (0.862 g, 73%). 
Steps 

A mixture of ethyl dimethylaminopropylcarbodiimide hydrochloride (0 270 g 1 14 
mmol). hydroybenzotriazole (0.184 g . 1.2 mmol) and aminoacetonitrile hydrochloride (0 130 g 
1 .4 mmol) in methylene chloride (2.5 mL) was cooled in an ice bath and then treated with 2- 
[(benzenesulfonylimmo.methyl)amino]-3-cyclohexyl.propionic acid (0.386 g. 1 14 mmol) m 
methylene chloride (3 mL). JV-methyhnoipholine (0.155 g, 1.55 mmol) was added to the 
reaction mixture was then stirred at room temperature for 2 h. The reaction mixture was diluted 
with ice water and the product extracted with ethyl acetate. The extracts were washed with 
aqueous sodium bicarbonate, then brine, dxen dried over magnesium sulfete and evaporated 
The resulting oil was crystallized from methylene chloride to give iV^yanomethyI.25. 
[(benzenesulfonyIhninomethyl)-ammo]-3-cyclohexyl.propionamide (0.218 g, 51o/o) 

'H NMR (DMSO-d.): 5 9.24 (dd. J-7Hz. 5 Hz. IH). 8.97 (t, J=5H2. IH). 8.15 (d. ^ 5 
Hz. IH), 7.73 (m. 2H), 7.56 (m. 3H), 4.5 (m. IH). 4.14 (d, J^5H2. 2H). 1.53 (m, 7H). 1.1 (m, 
3H), 0.94 (m. 3H): Exact mass 376. 16. Found: M+H = 376.8. M+Na = 399.2. M-H = 375 0 ' 

Following the procedure in Example 1 above, utilizmg the appropriate' starting materials 
the followmg compounds of this mvention were prepared: 

Ar-cyanomethyl-25-[(lWenesulfonylimmoethyl)ammo]-3.cyd^^ 
MS:391.3]Vffir. (tabe2,cpd2) 

Ar<l-cyanocyclopropyl)-25<l-benzenesulfonylhninoethylamino)-3.cyclohexyl. 
propionamide. MS: 417.3 MH*. (tabe 2, cpd 3) 

A^-(4-cyanotetrahydrethiopyran-4.yl).25<l.benzenesulfonylunino^^^ 
cyclohexylpropionamide. MS: 477.2 M£t. (tabe 2, cpd 8) 
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ArK4-cyano-l,l-dioxohexahydro-l-X*'-thiopyran-4-yl)-25'<l-benzenesulfonyl^ 
ethylamino)-3-cycIohexylpropionamide. MS: 509.2 Mfl^. (tabe 2, cpd 9) 

J\r-cyanomethyl-2i?-(l-benzenesulfonyliminoe%lamino)-3-(2-difluoromethoxyph^ 
methanesulfanyOpropionamide. MS: 497.2 MH^. (tabe 2, cpd 10) 

iV^cyanomethyI-2i?-(l-benzenesuIfonyIiminoethylamino)-3-(2-difluorome1hoxy- 
phenyImethanesulfonyl)propionamide. MS: 529.4 MH*. (tabe 2, cpd 11) 

iV-K4-cyano-ia-dioxohexahydro-l-A.^.thiopyran-4-yl)-2i?-(l-ben2enesulfonylimmo- 
ethylamino)-3-(difluoromethoxyphenylmethanesulfonyl)propionamide. 'h NMR (400 MHz, 
CDCI3): 7.86-7.20 im, 8H), 6.61(t,lH), 4.42(AB q, 2H), 3.58(dd,lH). 3.44(dd.lH), 3.80(m,4H), 
2.75-2.40(m.4H), 2.38(s,3H). MS: 647.3(Mlt). (table 2, cpd 13) 

A^-cyanomethyl-2J?<l-benzenesulfonyliminoethylamino)-3-phenylmethanesulfenyl- 
propionamide. MS: 431.1 MH^. (tabe 2, cpd 15) 

JV-cyanomethyl-2i?<l-benzenesulfonyliminoethylamino)-3-phenylmethanesulfonyl- 
propionamide. MS: 463.1 MH^. (tabe 2, cpd 16) 

2.y-(l-benzenesulfonyliminoethylamino)-JV^{15r-(ben2oxazol-2-ylcarbonyl)propyl}.3 
(thia2ol-2-yl)propionainide. MS: 391.3 MH^. (tabe 1, cpd 6) 

2/?<l-benzenesulfonyliminoethylamino)-JV:.{15'-(5-ethyl-[1.3.4]-oxadiazol-2- 
ylcarbonyl)propyl}-3-(2-difluoromethoxyphenylmethanesuIfonyl)propionamide. 'H NMR (400 
MHz. CDCI3): 7.90-6.95 (m, lOH), 6.57(t, IH). 5.15(m,lH), 4.95(m.lH). 4.76(d.lH). 4.18(d, 
IH), 3.79(dd.lH), 3.46(dd,lH) 3.01(q, 2H), 2.58(s,3H). 4.41(q,). 2.15(m,IH). 1.92(m,lH), 
1.45(s, 3H), 1.01(s, 3H). MS: 656.1(MH'). (table 1, cpd 9) 

2i25-(l-benzenesulfonylimmoethylamino)-iV^{liJSK3-phenyl-[1.2.4]-OM^ 

ylcarbonyl)propyI}-3-(2-difluoromethoxyphenylmethanesulfonyl)propionamide. 
MS: 704.4( MH* ). (table 1, cpd 10) 



Example 2 

Synthesis of ^Kl-cyanocyclopropyl)-25Kl-ben2enesulfonyliminoethylamino)-3K^ 
methyl-cyclohexyl)propionamide 
(table 2, cpd 19) 




Step 1 
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To a stirred solution of 2S-te«-butoxycarbonylamino-3-(l-methylcyclohexyl)propionic 
acid ^83 mg, 1.0 mmol) (prepared as described in Reference H except utilizing 1- 
methylcycloliexanol intead of 1-methylcycIopentanol) and l-aminocyclopropanecarbonitrile 
HCl salt (178 mg, 1 .5 mmol) in DMF (5 mL) at room temperature was added HATU (418 mg, 
5 1.1 mmol), followed by diisopropyl ethylamine (0.87 mL. 5 mmol). After being stirred at room 
temperature ovemiglit, the reaction mixture was concentrated under reduced pressure and then 
partitioned between ethyl acetate and brine. The combined organic extracts were dried (MgSOO, 
concentrated under reduced pressure, and the residue was purified by flash chromatography on 
silica gel (eluted with 1: 2 EtOAc/ hexanes) to yield [l-(l-cyanocycIopropylcarbamoyl)-25-(l- 
10 methylcyclohexyl)ethyl]-carbamic acid tert-hutyl ester (315 mg, 90%). 
Step 2 

To a stirred solution of [l-(l-cyanocyclopropyIcarbamoyl)-2iS'-(l- 
methylcyclohexyl)ethyl]-carbamic acid tert-butyl ester (300 mg, 0.86 mmol) in dry THF (2 mL) 
at room temperature was added slowly methanesulfonic acid (248 mg, 2.58 mmol). After 3 h, 
15 the reaction mixture was diluted with ethyl acetate and then neutralized with saturated sodium 
bicarbonate solution to pH =8-9. The aqueous layer was separated and extracted with ethyl 
acetate. The combined organic extracts were dried (MgS04), concentrated under reduced 

pressure to give 25-amino-iV-(l-cyano-cyclopropyI)-3-(l-methylcyclohexyl)propionamide which 
was used without purification for the next step. 
20 Step 3 

i\r-(l-Ethoxyethylidene)benzenesulfonamide (183 mg, 0.86 mmol) and 25'-ammo-iNKl- 
cyanocyclopropyl)-3-(l.methylcyclohexyl)propionamide (214 mg, 0.86 mmol) were dissolved 
in dry DMF(3 mL). Cesium carbonate (839 mg. 2.58 mmol) was added at room temperature and 
the reaction mixture was stured at room temperature for 2 h. After removal of the solvent under 

25 reduced pressure, the residue obtained was partitioned between ethyl acetate and brine. The 

combined organic extracts were dried (MgSOO, concentrated under reduced pressure. The crude 
was purified by flash chromatography on siUca gel (eluted with 2: 1 EtOAc/ hexanes) to yield fee 
title compound (205 mg, 55%). 'h NMR (400 MHz, CDCI3): 8 7.45Xm, 6H), 4.55(m,lH). 
2.12(s,3H), 1.95-1.05(m,16H). 0.92(s, 3H). MS: 43L2(MSt). 

30 Following the same procedure described in Example 2 above but substituting IS-tert- 

butoxycarbonylamino-3-(l-methylcyclohexyl)-propionic acid with 25-^1*- 
butoxycaibonylamino-3-(l-methylpentyl)-propionic acid gave J\Kl-cyanomethyl)-25'.(l- 
benzenesulfonyl-immoethylamino)- 3-(l-methylcyclopen1yl)propionamide. (table 2, cpd.l4) 
•h NMR (400 MHz, CDCI3): 8.50(br t,lH), 7.9-7.40(m, 5H), 4.58(m,lH), 4.00(m,4H), 
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2.17(s,3H). 1.90-1^0(m,10H). 0.87(s, 3H).MS: 391.0(Mir). 

Following the same procedure described above, but substituting 1-aminocyclopropane- 
carbonitrile with 4-aminotetrahydrothiopyran-4-ylcarbonitrile and 2(5)- 
benzyloxycarbonylamino-3-(l-methylcycIohexyl)-propionic acid with 2(5)- 
benzyloxycarbonylamino-3-(l-methylcyclopentyl).propionic acid gavei\r-(4. 

cyanotetrahydrothiopyran-4-yl)-25-(l-benzenesulfonyliminoethylammo)-3-(l. 
methylcyclopentyl)propionamide. (table 2, cpd 17) 

'H NMR (400 MHz, CDCI3): 7.79-7.40 (m, 6H). 7.20(d,lH), 4.60(m,lH), 2.95(m.2H), 
2.70-2.30(m.4H), 2.15(s,3H), 2.10-1.15(m,12H), 0.95(s. 3H). MS: 477.1(Mir). 

25-(l-benzenesulfonyliminoethylamino)-iV-{15-(benzoxazol-2-ylcarbonyl)propyl}-3.(l. 
methylcyclopentyl)propionamide. MS: 539.2 MH^, (tabe 1, cpd 7) 

Example 3 

Synthesis ofAr.(4-cyano-l,l-dioxohexahydro-A.«-thiopyran-4-yl)-25-(l.benzenesulfonyI- 
iminoethylamino)-3-(l-methylcyclopentyl)-propionamide 
{table 2, cpd 18) 




A solution of Oxone® (290 mg, 0.47 mmol) m water (1.5mL) was added to a solution of 
the2-(l-ben2enesulfonyKminoethylamino)-iV^(4-cyanotetrahydrothiopyran-4-yl)-3.(l- 
methylcyclopentyl)propionamide (172 mg, 0.36 mmol) in methanoI(3 mL). The reaction mixture 
was stirred at room temperature for 4h and then removed the solvent under reduced pressure. 
The residue obtained was partitioned between ethyl acetate and brine. The combmed organic 
extracts were dried (MgS04) and concentrated under reduced pressure. The crude was purified 
by passing through a short pad of a celite to give the title compound (165 mg, 90% yield) 
NMR (400 MHz, CDCI3): 7.90(s,lH), 7.79-7.40 (m. 6H), 6.78(d,lH). 4.55(m,lH). 3^20- 
2.95(m,4H), 2.70-2.20(m, 4H). 2.12(s.3H). 1.98-1.15(m,10H). 0.85(s, 3H). MS: 509.2(MH^ 
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Example 4 

S3mthesisof2i?-(beiizenesulfonylimmomethylammo)W-[15'-(benzox^ 

3-(2-difluoromethoxyphenylme1hanesuifonyl)propionamide 
(Table l,cpd4) 

n ( H ^ 

step 1 

A mixture of ethyl benzenesulfonyKfonnimidate (100 mg, 0.47 mmol). Zii^ino-iV:. 
[15-(benzoxazol-2.ymydroxyme1hyl)propyl]-3K2-difluoromethoxyphenyImeth^ 
propionamide (136 mg, 0.29 mmol). l,8-diazabicyclo[4.5.0]undec-7-ene (58 mg, 0.58 mmol) 
and acetonitrile (1 mL) was stirred at room temperature for 4 h. The reaction miicture was 
diluted with ice water and pH of the mixture was adjusted to 6.3 with IN HCI. Hie product was 
extracted with ethyl acetate. The extracts were washed with saturated sodium bicarbonate , 
dried and the solvent was removed by rotary evaporation to give following purification by flash 
chromatography 2/2<l-benzenesulfonyliminomethylammo)-iV-[l,S-(ben2oxazol-2- 

ylhydroxymethyl)propyl]-3<2-difluoromethoxyphenyhnethanesuIfenyl)propionamide (53 mg). 
Step 2 

2i?<l.Benzenesulfonyliminomethylarnino)-iV--[15'-(benzoxazol-2-ymydroxy^^ 
propyl]-3-(2-difluoromethoxyphenyhnethanesulfenyl)propionamide (53 mg, 0.0837 mmol) in 
methanol (5 mL) was cooled on ice and treated with a solution of Oxone® (77 mg in 2 mL 
water). After 45 min., another 21 mg of Oxone* was added and after 45 min.. methanol was 
removed under vacuum and reaction mature was diluted with water and the product extracted 
with ethyl acetate. Following drying and evaporation of the solvent 2/?-(l-benzenesulfonyl. 
iminomethylamino)-JSr-[15.(benzoxazol.2-ylhydroxymethyl)propyl]-3<^^^^ 
phenyhnethanesulfonyl)-propionamide (37 mg) was obtained. 
Step 3 

2/?-(l-Benzenesulfonyliminomethylamino)-JV^[15.(benzoxazol-2-ylhydroxymethyl)- 
propyl]-3-(2-difluoromethoxyphenyhnethanesuIfanyI)propionamide (37 mg. 0.0585 mmol) in 
methylene chloride (2 mL) was treated with Dess-Martm periodinane (35 mg, 0.082 mmol). 
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After 50 min., another 1 1 mg of Dess-Martin periodinane was added. The reaction was 
quenched with sodium thiosulfete after another 25 min., and the product extracted methylene 
chloride. Purification by flash chromatography then gave the title compound (16 mg). 
Exact Mass 662.13. Found: M + H = 663.5, M + Na = 685.3 , M - H = 661.5 . NMR (CDCb) : 
5 8.405 (d, y= 4.4 Hz),u 7.94 (d, J= 7.6Hz), 7.88 (d, J= 8 Hz). 7.80 (d, J= 7.8Hz). 7.688(d, J= 8 
Hz), 7.6-7.44 (m), 7.33 -7.4 (m ), 6.673 (d, y= 71.6 Hz), 6.49 (d, /= 71.6 Hz), 5.46 (m), 5.0 (m), 

4.395(d,J'=14Hz),3.69(dd.J=2.8. 15.2 Hz). 3.60(dd,y=7.3 Hz, 15.2 Hz),2.25-2.14(m). 1.95- 
1.85 (m), 1.00 (t, y=8Hz) PPM. 

Proceeding as described m Example 4 above, the following compounds were prepared. 

10 2i2-(l.benzenesulfonyliminoethylamino).i\r-[15'-(benzoxazol-2-ylcarbonyl)propyl].3^2- 
difluoromethoxyphenyhnethanesulfonyl)propionamide. MS: 677.3 MH*. (table 1, cpd 5) 

25-(benzenesulfonyIiminomethylamino)-i\r-[i5'.(benzoxazol-2-ylcarbonyl)propyl].3. 
(cyclohexyl)propionamide. Exact Mass 524.21. Found: M + H = 525.4, M + Na = 547.5 , M - 
H = 523.4 . (table 1, cpd 1) 



15 



20 



Example 5 

Synthesis of JV-cyanomethyl-2/2-[(benzenesulfonyluninomethyl)ammo]- 3-(2- 
difluoromethoxyphenyhnethanesulfonyl)-propionamide 
(table 2, cpd 7) 




Step 1 

A mixture of ethyl benzenesulfonylformimidate (0.852 g, 4.00 mmol), i?-(2- 
25 difluoromethoxybenzyI)cysteine (1.108 g, 4.00 mmol). 4-methylmoipholine (1.32 mL. 12 
mmol) andacetonitrile (20 mL) was stirred at room temperature for 4 h. The4-methyl 
morpholine and solvent were removed by rotary evaporation to give 2R- 

[(benzenesulfonylimmomethyl)amino].3-(2-difluoromethoxyphenybneftanesulfanyl>.propi^ 
acid. 

30 Step 2 
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2;?-[(Ben2enesulfonyliminomethyl)ammo]-3-(2Hiifluorome11ioxyphenylmeth^^^ 
sulfanyl)-propionic acid (0.888 g, 2 mmol) in methylene chloride (10 mL) was cooled on ice 
and treated with HOST (0.306 g, 2 mmol), EDCI (0.392 g, 2.5 mmol), and aminoacetonitrile 
hydrochloride (0,275 g, 3.00 mmol) . 4-Methylmorpholine (2.73 mL, 5.00 mmol) was added to 
5 the reaction mixture which was then stirred overnight at room temperature. After diluting the 
reaction mixture with ice water and HCl the product was extracted with ethyl acetate. The 
extracts were dried and then purified by flash chromatography on silica gel eluting with ethyl 
acetate/hexane mixtures to give 2i?-[(benzenesulfonyliminomethyl)amino]-Ar-cyanomethyl-3-(2- 
difluoromethoxy-phenylmethanesulfenyl)-propionamide)propyl] propionamide (0.340 g). 
10 Step 3 

A solution of 2/^-[(benzenesulfonyliminomethyl)amino]-A^-cyanomethyl-3-(2- 
difluoromethoxy-phenylmethanesulfanyl)-propionamide)propyl]-propionamide (0.241 g, 0.5 
mmol) in methanol (15 mL) was cooled on ice and treated with Oxone® (0.430 g, 0.72 mmol) in 
water (5 mL). After 10 min., the cooling bath was removed and the reaction mixture was stiired 

15 at room temperature for 2 h. The methanol was removed on a rotary evaporator and the 

reaction mbcture was diluted with water and then extracted with ethyl acetate. The wdracts were 
dried and concentrated to give the title compound (0.316 g). Exact Mass 514.08 Found: M + H 
= 515.1,M + Na=537.1,M-H = 513.2. 

Proceedmg as described in Example 5 above, the following compounds were pr^ated. 

20 ^-cyanomethyl-2i?-[(benzenesulfonylimmomethyl)amino]-3-(phenylmeflianesulfonyl)- 
propionamide. Exact Mass 448.09 . Found: M + H = 449.3, M + Na = 471.2,M-H = 447.2 . 
(table 2, cpd 12) 

JV-(l-cyanocyclopropyl-2i?5'-[(benzenesulfonyliminomethyl)amino]-3-(cyclohejQ'0^ 
propionamide. Exact Mass 402.17 . Found: M + H = 403.3, M + Na = 425.3, M - H = 401 .0. 
25 (table 2, cpd 4) 

iV^cyanomethyl-2i?-[(benzenesulfonyliminomethyl)amino]-3-(2-difluorometiioxy- 
phenylmethanesulfenyl)propionamide. Exact Mass 482.09. Found: M + H = 483.0, M+Na = 
505.1 , M - H =» 481.0 . (table 2, cpd 6) 

30 Example 6 

Synthesis of 25'-[(benzenesulfonyliminomorpholin-4-yhnethyl)amino]TAr-[15^(ben2»xazol-^^^^ 

carbonyl)propyl]-3-cyclohe3Q'lpropionamide 
(table 1, cpd 8) 
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Step 1 

A mixture of J\r-(bis-methylsuIfenylmethylene)benzenesulfonamide (261 mg), 
cyclohexylalanine hydrochloride (171 mg). l,8-diazabicyclo[5.4.0]undec.7-ene (0.45 mL) and 
5 acetonitrile (3 mL) was heated in a microwave apparatus at 1 l(y*C for 15 min. The reaction 
mixture was cooled to room temperature and the pH was raised to 10 using IN sodium 
hydroxide. This mixture was washed with ether and the aqueous layer was acidified to pH 4 
whh IN hydrochloric acid. The product was then isolated by extraction with ethyl acetate. This 
sequence was repeated twice and the combmed products were purified by flash chromatography 
10 (ethyl acetate methanol) to give 25'-[(benzenesulfonylmimomethylthiomethyl)amino]-3- 
cyclohexylpropionic acid (386 mg). 
Step 2 

A mixture of 25'-[(ben2Bnesulfonyliminomeaiylthiomethyl)amino]-3-cyclohe3orl- 
propionic acid (100 mg), 25'-amino-l-ben2»xa2ol-2-ylbutan-l-oI hydrochloride (54 mg), HATU 
15 (119 mg), diisopropylethyl amine (0.09 mL) and DMF (3 mL) was heated in a microwave 
apparatus for 10 min at 50 °C. Aqueous ethyl acetate work up and purification by flash 
chromatogr^hy (ethyl acetate/ hexane) gave 25'-[(benzenesulfonyliminomethylsulfanyl- 

methyl)ammo]-iSr-[15-(benzoxazol-2-ylhydroxymethyl)propyI]-3-cyclohexylpropionamide(190 
mg). 

20 Step 3 

A solution of 25'-[(benzenesulfonyliminomethylsulfenyhnethyl)amino]-iSr-[15- 
(benzoxazoI-2-ylhydroxymethyl)propyl]-3-cyclohexylpropionamide (190 mg) and morpholine . 
(0.29 mL) was heated in a microwave apparatus for 60 minutes at 90 - 100 "C. The reaction 
mixture was washed witii hydrochloric acid to remove excess moipholine. Flash 
25 chromatography then gave 25-[(benzenesulfonyluninomorpholin-4-ylmethyl)amino]-iV-[15'- 

(benzoxazol-2-ylhydroxymethyl)-propyl]-3-cyclohexylpropionamide (22 mg). 
Step 4 

25'-[(BenzenesulfonyIimuiomorphoIin-4-ylmethyl)amino]-iV-[15-(benzoxazol-2- 
yIhydroxymethyl)propyl]-3-cyclohexylpropionamide (22 mg) m methylene chloride was treated 
30 with Dess-Martin periodinane (19 mg) for 25 min The reaction was quenched with aqueous 
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sodium bicarbonate / sodium fhiosul&te. 
gave the title compound (20 mg). 
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Extraction followed by flash chromatography then 



Biological Examples 

EXAMPLE 1 
Cathepsin B Assay 

Solutions of test compounds in varying concentrations were prepared in 10 of 
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 yiL, comprising: N J^-hisil- 
hydroxyethyl)-2-aminoethanesulfonic acid (EES). 50 mM (pH 6); polyoxyethylenesorbitan 
monolaurate, 0.05%; and dithiothreitol (DTT). 2.5 mM). Human cathepsin B (0.025 pMoles in 
25 hL of assay buffer) was added to the dilutions. The assay solutions were mixed for 5-10 
seconds on a shaker plate, covered and incubated for 30 min at room temperature. Z-FR-AMC 
(20 nMoles in 25 pL of assay buffer) was added to the assay solutions and hydrolysis was 
followed spectrophotometrically at (X 460 nm) for 5 min. Apparent inhibition constants (Kj) 
were calculated from the enzyme progress curves using standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed to 
exhibit cathepsin B inhibitory activity. 

EXAMPLE 2 
Cathepsin K Assay 

Solutions of test compounds in varying concentrations were prepared in 10 pL of 
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprising: MES. 50 
mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin K (0.0906 pMoles'in 25 
liL of assay buffer) was added to the dilutions. The assay solutions wer« moed for 5-10 
seconds on a shaker plate, covered and incubated for 30 min at room temperature. Z-Phe-Arg- 
AMC (4 nMoles in 25 pL of assay buffer) was added to the assay solutions and hydrolysis was 
foUowed spectrophotometrically at (X 460 mn) for 5 min. Apparent inhibition constants (K,) 
were calculated from the enzyme progress curves using standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed to 
exhibit cathepsin K inhibitory activity. 

EXAMPLES 
Cathepsin L Assay 
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Solutions of test compounds in varying concentrations were prepared in 10 |jL of 
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 ^L, comprising: MES, 50 
mM (pH 5.5); EDTA, 2.5 mM; and DTT, 2.5 mM). Human cathepsin L (0.05 pMoles in 25 jiL 
of assay buffer) was added to the dilutions. The assay solutions were mixed for 5-10 seconds 
a shaker plate, covered and mcubated for 30 mm at room temperature. Z-Phe-Arg-AMC (1 
nMoles m 25 nL of assay buffer) was added to the assay solutions and hydrolysis was followed 
spectrophotometrically at (X 460 nm) for 5 min. Apparent inhibition constants (KD were 
calculated fix>m the enzyme progress curves using standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed to 
exhibit cathepsin L inhibitory activity. 

EXAMPLE 4 
Cathepsin S Assay 

Solutions of test compounds in varying concentrations were prepared in 10 hL of 
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 nL, comprising: MES, 50 
mM (pK 6.5); EDTA, 2.5 mM; and NaCl. 100 mM); P-meitsaptoethanol, 2.5 mM; and BSA, 
0.00%. Human cathepsin S (0.05 pMoles in 25 mL of assay buffer) was added to the dilution. 
The assay solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 
30 min at room temperature. Z-Val-Val-Arg-AMC (4 nMoles in 25 luL of assay buffer 
containing 10% DMSO) was added to the assay solutions and hydrolysis was followed 
spectrophotometrically (at X 460 nm) for 5 min. Apparent inhibition constants (Kj) were 
calculated from the enzyme progress curves usmg standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed to 
exhibit cathepsin S mhibitory activity. 

EXAMPLE 5 
Cathepsin F Assay 

Solutions of test compounds in varymg concentrations were prepared in 10 mL of 
dimethyl sulfoxide (DMSO) and then diluted into assay buffer (40 pL, comprismg: MES. 50 
mM (pH 6.5); EDTA, 2.5 mM; and NaCl. 100 mM); DTT, 2.5 mM; and BSA. 0.01%. nimian 
cathepsin F (0.1 pMoles in 25 of assay buffer) was added to the dilutions. The assay 
solutions were mixed for 5-10 seconds on a shaker plate, covered and incubated for 30 min at 
room temperature. Z-Phe-Arg-AMC (2 nMoles in 25 nL of assay buffer containing 10% 
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DMSO) was added to the assay solutions and hydrolysis was followed spectrophotometrically 
(at A, 460 nm) for 5 min. Apparent inhibition constants (KO were calculated &om the enzyme 
progress curves using standard mathematical models. 

Compounds of the invention were tested by the above-described assay and observed to 
exhibit cathepsm F inhibitory activity. 

EXAMPLE 1 

Representative pharmaceutical formulations Contaming a Compound of Formula (la) or 



ab) 



ORAL FORMULATION 
Compound of Formula (la) or (lb) 10-100 mg 

Citric Acid Monohydrate 105 mg 

Sodium Hydroxide 18 mg 

Flavoring 

Water q.s.tolOOmL 

INTRAVENOUS FORMULATION 
Compound ofFormula (la) or (lb) 0.1-10 mg 

Dextrose Monohydrate q.s. to make isotonic 

Citric Acid Monohydrate i .05 mg 

Sodium Hydroxide 0. 1 8 mg 

Water for Injection q.s. to 1.0 mL 

TABLET FORMULATION 
Compound ofFormula (la) or (lb) 1% 
Microcrystalline Cellulose 73% 
Stearic Acid 25% 
Colloidal Silica 1%, 

The foregoing invention has been described in some detail byway of illustration and 
example, for purposes of clarity and understanding. It will be obvious to one of skill in the art 
that changes and modifications may be practiced within the scope of the appended claims. 
Therefore, it is to be understood that the above description is intended to be illustrative and not 
restrictive. The scope of the invention should, therefore, be determined not with reference to the 
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above description, but should instead be deteimined with reference to the following appended 
claims, along with the fiill scope of equivalents to which such claims are entitled. 
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